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Preface 


The  problem  involved  in  this  dissertation  may  be  divided  into 
four  sections,  aach  division  constitutes  a chapter  of  the  dis- 
sertation. 

The  first  chapter  describes  the  fractionating  equipment 
developed  for  the  purification  of  terpenes. 

The  second  chapter  is  a presentation  of  the  common  physical 
properties  of  alpha  and  beta  pinene  and  their  mixtures. 

The  third  chapter  describes  the  action  of  selenium  dioxiae  on 
beta  pinene  in  various  solvents  and  the  method  developed  for  the 
separation  of  carvopinone  from  pinocarvone,  and  the  separation  of 
these  ketones  from  alcohols  and  esters  produced  by  the  reaction. 

A proposal  as  to  the  structure  and  means  of  formation  of  some  of 
the  products  of  this  reaction  is  given. 

The  fourth  chapter  describes  the  preparation  of  an  aso  dye 
from  rosin.  This  dye  is  a derivative  of  dehydroabietic  acid. 
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Chapter  I 


PERFORMANCE  OF  SOME  DISTILLATION  COLUMNS 
FOR  THE  FRACTIONATION  OF  TERPENSS 

Introduction 

iiaw  gum  gathered  from  pine  trees  is  separated  at  the  turpen- 
tine still  into  turpentine  and  rosin.  The  turpentine  is  a complex 
mixture,  consisting  largely  of  terpene  hydrocarbons1*2  of  the 
bicyclic  mono  terpene  aeries.  The  rosin  obtained  consists  largely 

of  abietic  acid  with  some  resinous  materials  generally  called 
reaene .3 

In  general,  the  most  practical  way  to  separate  and  purify 
hydrocarbons  of  like  nature  is  by  fractional  distillation.  It 
is  oy  this  process  that  a-  and  3-  pinene  are  obtained  commercially 
from  gum  and  wood  turpentine. 

The  commercial  production  of  a-  and  3-  pinene  does  not  yield 
pure  substances,  but  fractions  that  are  rich  in  one  or  the  other  of 
these  compounds.  These  fractions  in  some  cases  contain  impurities 
ooiling  less  than  three  degrees  apart.  For  research  purposes  it 
is  essential  to  have  as  pure  a starting  material  as  possible.  Thus 
a research  laboratory  working  with  terpene  hydrocarbons  needs  frac- 
tionating equipment  capable  of  producing  a desired  terpene  in  a 
high  state  of  purity. 

before  any  experimental  work  could  be  carried  out  with  a-  or 
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3-pinene,  these  substances  had  to  be  obtained  as  pure  as  possible. 

In  all  cases  this  was  done  by  the  fractionation  of  commercial 
material. 

Since  a-  and  3-  pinenes  do  not  have  widely  separated  boiling 
points,  it  was  necessary  that  efficient  columns  be  used  for  their 
separation  and  purification.  This  instigated  a study  of  different 
types  of  fractionating  columns  and  column  packing. 

kany  fairly  efficient  columns  have  been  reported.^  Among 
these  are  columns  packed  with  Saschig  rings,  3erl  saddles,  single 

turn  glass  helices,  the  concentric  glass  tube  column  of  Selker, 

5 . 

Burke  and  Lankelma,  the  spiral  screen  packing  of  Lecky  and  iiwell,® 

Stedraan  cones,  and  the  Podbelniak  type.  The  cost  of  the  latter  two 
made  their  extensive  use  unuesirable.  The  concentric  glass  tube 
type,  although  having  a very  low  operating  holdup  and  height  equi- 
valent to  a theoretical  plate,  did  not  have  a high  capacity  and  also 
required  better  conditions  of  heat  insulation  than  were  feasible  to 
construct  in  this  laboratory.  Experimentation  showed  that  the 
single  turn  glass  helices  would  not  operate  satisfactorily  for 
terpenos  under  the  conditions  of  column  control  used.  Of  all  the 
types  of  packing  encountered,  only  the  laschig  ring3,  derl  saddles 
and  the  spiral  screen  seemed  suitable.  Columns  of  these  packings 
were  constructed  and  subjected  to  perf oriaanc e tests. 
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General  Column  Construction  and  Operation 


A glass  tube  was  filled  with  the  desired  packing  and  sur- 
rounded by  a concentric  glass  tube  which  was  wrapped  with  nichrome 
wire  in  such  a manner  as  to  produce  aoout  125  watts  for  the  entire 
length  of  column*  The  packed  column  and  heater  jacket  were  then 
inserted  in  a large  glass  tube  which  served  as  an  insulator.  After 
standard  taper  glass  joints  were  welded  onto  the  column,  it  was 
then  mounted  and  was  ready  for  use. 

All  kettles  used  in  connection  with  the  columns  were  electri- 
cally heated.  The  electrical  heat  energy  supplied,  for  kettle  and 
column,  was  controlled  by  transformers. 

The  columns  were  all  regulated  so  that  the  column  temperature 
was  within  two  degrees  of  the  temperature  of  the  vapors  in  the 
head.  The  rate  of  throughput,  or  return  through  the  head  or  reflux, 
was  regulated  by  the  rate  of  evaporation  of  liquid  from  the  kettle. 

In  all  performances  listed  the  column  was  operating  at  a head 
return  that  gave  it  its  maximum  efficiency. 

Performance  Teats 

The  number  of  plates  of  all  columns  was  determined  by  the  use 
of  n-hept;  ne  methylcyclohexane  and  the  data  of  3eatty  and  Calingaert? 
and  Bromily  and  (giggle. d This  was  measured  as  I1.3.T.P.  which  is 
the  column  height  equivalent  to  one  theoretical  plate.? 

The  determination  was  made  by  refluxing  the  binary  test  mixture 
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in  the  column  until  equilibrium  existed  between  liquid  and  vapor 
successively  throughout  the  column.  -Vhen  equilibrium  was  reached, 
a few  drops  of  the  condensed  vapor  were  withdrawn  from  the  head; 
simultaneously  a few  drops  were  drawn  from  the  kettle.  These  were 
analysed  for  content  by  the  use  of  a refractometer.  From  the  re- 
fractive indices,  the  total  number  of  plates  in  the  column  were 
determined  by  consulting  the  data  in  Table  I. 

For  example,  a refractive  index  at  the  head  of  1.3920  corres- 
ponds  to  plates,  and  a refractive  index  in  the  kettle  of  1.4055 

to  55  plates,  then  the  total  number  of  plates  in  the  column  is 

r4  %°l 

f6-55  or  plates. 

Tie  data  given  in  Table  I is  obtained  by  combining  the  two 
equations 

nD20  . 1.4232  - 0.0410x  4 0.00555x2 
an  experimental  equation  to  express  mole  fraction  of  heptane,  x, 

in  mixtures  of  heptane  and  methyl  cyclohexane  in  terms  of  refractive 
index,  and 

log  *o(l-Xn) 
n r *n ( i-Xp ) 

log  a 

in  which  n — number  of  theoretical  plates 

x0  a mole  fraction  heptane  in  liquid 
xn  - mole  fraction  heptane  in  liquid,  but  less  than  x0 
a « volatility  ratio;  the  quotient  of  the  vapor  pressures 
of  the  more  volatile  to  less  volatile  component,  which 
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in  this  case  is  heptane  and  methyl  cyclohexane,  at 
the  temperature  midway  between  their  boiling  points. 

It 8 value  here  is  1.07* 

and  is  derived  from  theoretical  considerations  in  the  following 
manner. 

Let:  Pa  Z pressure  of  more  volatile  component  at  a given  T. 

Pb  Z pressure  of  less  volatile  component  at  same  T. 
y Z mole  fraction  of  A,  more  volatile,  in  vapor  phase, 
x s mole  fraction  of  A,  more  volatile,  in  liquid  phase. 
Then  by  Raoult's  law: 


Pa  * pax 

and  pa  is  proportional  to  y 

pb  = Pb(l-x) 

pb  is  proportional  to  (l— y) 

hence; 

1-y  Pb  1-x 

so 

—X e a-JS 

l-y  l-x 

and  solving  for  x: 

y(l-x)  Z Rx(l-y) 

Rx  : y + Rxy  - xy 

x(R  - Ry  + y)  S y 

X 8 ^ - m . — - * 

R - Ry  ♦ y R(l/y  - l)  + 1 

Now  considering  the  step  diagram  given  on  the  next  page,  it  is 
plain  that  vapors  y^  have  the  same  composition  as  liquid  x0  and  that 
liquid  xj^  will  give  rise  to  vapors  yj_,  hence  going  from  liquid  x0  to 
X1  involves  one  theoretical  plate.  Thus  xq,  xi,  X2,  xn  are  values  of 
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x corresponding  to 


i.o 


n z 0 , 1,  2,  n. 

and  taking  xn  as  less 

than  x9,  then: 

To  go  from  xi  to  x0 

n s 1;  JT 

1 

xx  z R(l/yi-l)  * 1 
and  since  vapors 
when  condensed  give 
liquid  x0,  yi  x x0; 

4 

likewise  y2  = xl*  so 


y2  = l/a(l/xo-l)  * 1 

and  to  go  from  x2  to  x0,  n s 2 

1 or  1 

*2  * H$l/y2-l)  * 1 R<a(l/x0-l^-  1)  * 1 

x2  = a^i/xo-i)  * i 

In  like  manner  it  can  be  shown  that  for  any  number  of  theoretical 
plates,  a is  raised  to  that  power.  Hence,  in  general,  from  xB  to  x0: 

1 

xn  z an(i/x0-i)  + i 

When  n z 0;  a condensation  process  is  represented  by  a horizontal 

line  and , j 

xo  ■ yi  s (l/x0-l)  * 1 

Solving  the  general  equation  for  n: 
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*0  U, *n) 
xn(l  “ xo) 


* w 


r“  - 


n log  R = log  « 


log  R 


then  by  arbitrarily  starting  with  xn  = 0.02,  and  changing  x©  by  0.04 
at  a time  the  data  of  Table  I was  calculated. 

Non-drainable  holdup  is  measured  by  pouring  a known  volume  of 
benzene  through  the  packing  and  collecting  the  liquid  drainings  in  a 
graduated  cylinder.  The  difference  between  these  volumes  is  the  non- 
drainable  holdup.  This  is  recorded  in  Table  III  for  the  test  columns. 

Operating  holdup  of  the  column  is  the  volume  of  liquid  present 
in  the  column  during  any  instant  of  a distillation.  To  measure  this 
quantity  a weighed  amount  of  a non-volatile  compound  such  as  stearic 
acid  was  dissolved  in  a weighed  amount  of  a volatile  compound  such 
as  benzene,  and  the  mixture  refluxed  in  the  column  under  operating 
conditions.  A sample  of  several  grams  was  then  withdrawn  from  the 
distilling  flask  and  weighed.  The  benzene  was  then  removed  from  the 
sample  on  a steam  bath  and  the  sample  was  weighed  again.  These  two 
weighings  were  used  to  calculate  the  change  in  the  per  cent  of 
stearic  acid  in  the  flask  from  which  the  weight  of  benzene  remaining 
in  the  flask  was  determined.  This  weight  subtracted  from  tne  weight 
of  benzene  originally  present  in  the  flask  was  the  weight  of  the 
benzene  present  in  the  column  tfiile  in  operation.  Conversion  of 
weight  to  volume  gives  operating  holdup  as  listed  in  Table  III.  This 
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is  an  important  factor  in  analytical  distillations  where  column 
holdup  must  be  small  with  respect  to  the  volume  of  mixture  being 
analyzed. 

Pressure  drop  is  the  difference  in  pressure  in  the  head  and  in 
the  kettle.  A column  with  a high  resistance  to  vapor  flow  has  a 
large  pressure  drop,  an  undesirable  feature  if  thermal  reaction 
should  set  in.  Pressure  drops  are  measured  by  connecting  a manometer 
alternately  to  the  head  and  kettle  by  menns  of  a double  diagonal 
stopcock. 

Construction  and  Performance  of  rtaschig 
•ling  and  3erl  Saddle  Packed  Columns 

A four-foot  length  of  glass  tubing  with  an  inside  diameter  of 
0.43  inch  was  filled  with  4x4  mm.  laschig  rings  and  tested  for 
efficacy.  This  is  column  1.  The  tube  was  then  emptied  of  Baschig 
rings  and  filled  with  4x4  mm.  Bari  saddles  and  again  tested  for 
efficacy.  This  is  column  2. 

Column  3 was  made  by  filling  a 2£  ft.  glass  tuoe  with  inside 
diameter  of  0.75  inch  with  4 x 4 mm.  Berl  saddles. 

ihe  results  of  the  efficiency  tests  on  this  and  columns  1 and 
2 are  tabulated  in  Tables  II  and  III. 

I 0 data  is  available  in  the  literature  for  4 x 4 mm.  Berl  sad- 
dles but  mention  has  been  made  of  the  unsatisfactory  results  ob- 
tained when  4 x 4 mm.  Baschig  rings  are  used  for  analytical  columns. 10 
Both  these  packings  give  essentially  the  same  H.S.T.P.  and  the  same 
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holdup  per  plate  for  a four-foot  column  of  0.43  inch  inaide  diameter. 
Du*  to  their  high  operating  holdup  these  columns  could  not  be  used 
for  analysis.  When  a column  of  0.75  inch  inaide  diameter  was  filled 
with  these  Berl  saddles,  the  H.K.T.P.  decreased  to  1.3  inches.  This 
value  is  comparable  with  the  best  values  reported  for  other  loose 
packings*  with  the  exception  of  single  turn  stainless  wire 
helices11  which  have  an  H.S.T.P.  of  less  than  one  inch.  These 
data  and  the  fact  that  these  columns  operate  satisfactorily  with  the 
distillation  of  terpsnes  at  20  mm.  pressure,  indicate  that  either 
packing  is  satisfactory  for  purification  of  components  in  the  more 
readily  separable  terpene  mixtures.  Furthermore,  these  data  also 
indicate  that  3*rl  saddles  are  a very  efficient  packing  to  obtain 
fractions  rich  in  a desired  component  from  a given  raw  material  in 
as  short  a time  as  possible.  Since  these  packings  are  loose  they 
may  be  transferred  from  one  column  to  another,  thus  the  same  packing 
may  be  utilised  for  different  purposes.  In  some  cases  Berl  saddles 
should  not  be  used  because  of  the  catalytic  nature  of  their  unglazed 
porcelain  surface.' 

The  Construction  and  Performance  of  the  Spiral  Screen  Packing 

Laboratory.. Jplumns  for  Large  quantities  of  Material 

The  first  column  was  made  using  60  x 60  mesh  stainless  steel 
wire  gauze  and  a glass  tube  with  an  inside  diameter  of  1.50  inches 
and  having  an  inner  tube  of  0.40  inch  outside  diameter  all  according 
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to  the  specifications  of  Lecky  and  Swell. ^ 

/ ashers  of  stainless  steel  wire  gauze  were  made  with  an  outside 
diameter  of  1.50  inches  and  an  inside  diameter  of  0.40  inch.  One- 
eighth  inch  of  the  outer  edge  of  the  washer  was  cupped  at  an  angle  of 
40  degrees.  A sector  of  approximately  20  degrees  was  removed  from 
each  washer  and  the  washers  were  spot-welded  together  into  a spiral 
group  of  twenty-four.  3y  joining  these  groups  in  a similar  manner, 
any  desired  length  could  be  obtained.  This  spiral  was  then  placed 
on  the  inner  tube  which  was  made  from  glass  of  outside  diameter  of 
0.40  inch.  A stii f wire  3piral  spacer,  made  of  one-eighth  inch 
iron  wire,  with  five  turns  to  the  inch,  was  screwed  into  the  gauze 
spiral.  Long  stiff  rods  were  welded  to  the  ends  of  the  spacer  to 
permit  pulling  as  well  as  pushing  of  the  spiral  into  the  large  glass 
tubing.  At  intervals  during  the  insertion,  the  exposed  gauze  spiral 
/jus  tightened  on  the  inner  tube  in  order  to  insure  a more  uniform 
fit.  When  the  insertion  of  the  spiral  was  completed,  the  spacer  was 
removed  by  unscrewing  it.  Standard  taper  glass  joints  were  then 
/elded  to  the  column  and  the  column  placed  in  a heating  aal  insulating 
jacket,  hhen  this  column  was  tested  for  plate  efficiency  it  was  found 
to  have  an  H.S.T.P.  of  4.6  inches.  Since  it  was  noted  that  the 
washers  did  not  fit  tightly  egainst  the  outer  wall,  it  was  decided 
that  a tighter  fit  could  be  obtained  by  increasing  the  diameter  of 
the  inner  tube,  and  thus  decrease  the  flexibility  of  the  gauze 
washer. 
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washers  were  then  made  with  outside  diameter  of  1.50  incnes  and 
inside  diameter  of  0.71  inch.  From  these  washers  a column  was 
assembled  in  the  manner  above.  This  operation  lowered  the  H.E.T.I-. 
to  2.8  inches. 

This  was  still  a very  unsatisfactory  column.  After  close 
inspection,  it  was  noted  that  the  washers  still  did  not  fit  snugly 
against  the  outer  wall.  It  was  thought  then  -that  grinding  the  edges 
of  the  gauze  spiral  would  give  a more  uniform  fit.  Thus  the  spiral 
screen  packing  of  the  previously  described  column  was  removed,  placed 
on  a mandrel,  ground  in  the  direction  of  the  spiral  to  a diameter 
just  l/32  inch  larger  than  the  glass  tube  into  which  it  was  to  be 
inserted.  Upon  assembly  this  column  showed  an  H.K.T.P.  of  1.3 
inches.  This  showed  a marked  improvement  over  the  original  c olumn 
and  emphasized  the  importance  of  a uniform  ana  tight  fit  to  the 
outer  wall  of  the  column.  -hile  an  H.E.T.P.  of  1.3  inches  Is 
satisfactory  for  many  purposes,  it  does  not  satisfy  the  requirements 
of  terpene  work. 

In  order  tc  produce  a still  tighter  fit  against  the  outer  wall, 
washers  were  made  from  50  x 50  mesh  stainless  steel  wire  gauze 
having  an  outside  diameter  of  1*50  inches  and  an  inside  diameter 
of  0.rrl  inch.  The  washers  were  assembled  and  ground  in  the  manner 
described.  This  produced  such  a tight  fit  that  two  outer  jackets 
burst  while  an  attempt  was  made  to  insert  the  spiral  screen  packing, 
^hen  the  packing  was  inserted  and  the  column  set  up  for  use  it  was 
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found  that  the  H.E.T.P.  was  0.66  inch.  This  is  column  4 of  Tables 
II  and  III. 

Due  to  the  large  size  of  this  column  it  was  not  practical  to 
make  the  operating  holdup  measurement.  In  order  to  determine  this, 
a column  23  inches  long  with  identical  construction  was  tested. 

The  data  was!  Original  concentration  of  stearic  acid  10.2^;  original 
weight  of  mixture  67.9  g. ; final  cone  entire  ti  on  of  stearic  acid  16. 8£. 
This  corresponds  to  an  operating  holdup  of  33. 5 cc.  of  benzene.  Thus 
column  four  should  have  an  operating  holdup  of  67  oc.  of  benzene, 
since  it  possesses  twice  as  many  turns  as  the  shorter  column  tested. 
Laboratory  Columns  for  Small  quantities  of  Material 

For  the  separation  of  small  quantities  of  material,  high  effi- 
ciency and  a small  diameter  are  necessary. 

For  this  purpose  stainless  steel  washers  having  an  outside 
diameter  of  0.40  inch  and  an  inside  diameter  of  0.10  inch  were 
made  from  60  x 60  mesh  stainless  steel  wire  gauze.  These  washers 
had  a cup  of  1/16  inch  around  the  outer  edge.  Nickel  wire  was  used 
as  the  inner  rod  end  the  spacer  used  had  seven  turns  to  the  inch. 

This  was  assembled  in  the  manner  previously  described,  except  for 
the  grinding  of  the  spiral  which  was  not  necessary  for  a column  of 
this  small  diameter.  This  is  column  5 of  Table  II  and  shows  an 
H.E.T.P.  of  0.72  inch.  In  assembling  this  column  it  was  necessary 
to  replace  all  faulty  washers  in  the  spiral  with  new  ones,  as  flooding 
frequently  occurred  in  the  vicinity  of  the  faulty  washer.  As  is  true 
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with  all  columns  of  small  diameter,  the  operation  must  be  carefully 
controlled  or  flooding  will  occur. 

In  order  to  prepare  a column  with  a small  holdup  and  yet  with 
a rather  high  capacity  stainless  steel  washers  were  made  with  out- 
side diameter  of  0.71  inch  and  inside  diameter  of  .25  inch  from 
50  x 50  moan  gauie.  The  spirals  were  assembled  and  ground  and 
inserted  into  the  outer  glass  tube  in  the  manner  described  above. 

The  spacer  used  had  seven  turns  to  the  inch.  A two-foot  length 
of  this  type  construction  will  show  an  H.K.T.P.  of  0.40  inch  under 
optimum  conditions  and  an  H.K.T.P.  of  0.60  inch  under  easily  cm. 
trolleu  conditions.  Only  under  extremely  poor  operating  conditions 
will  this  column  display  an  H.K.T.P.  of  grot  ter  than  0.60  inch. 

This  column  does  not  readily  flood  and  has  a reasonably  high  capacity, 
being  able  to  analyse  at  the  rate  of  about  50  ml.  per  24  hours.  This 
is  column  6 of  Table  II. 

Operation  of  Columns 

The  columns  were  thoroughly  wetted  down  with  the  liquid  mixture 
and  the  column  temperature  was  adjusted  to  within  two  degrees  of  the 
0 oiling  point  of  the  more  volatile  component.  The  columns  were  then 
Kept  on  total  reflux  until  liquid-vapor  equilibrium  was  attained. 

This  equilibrium  may  be  judged  by  the  constancy  of  the  temperature 
of  the  condensing  vapors.  The  kettle  heat  is  so  regulated  that  the 
reflux  through  the  head  ie  approximately  half  of  that  rate  where 


14. 


flooding  occurs.  This  runs  between  one  end  five  drops  per  second 
depending  on  the  size  of  the  column.  A reflux  ratio  comparable  to 
the  efficiency  of  the  column!?  arid  the  mixture  being  separated 
was  used.  Reflux  ratio  is  defined  as  the  amount  of  condensed  vapor 
returned  to  the  column  divided  by  the  amount  of  condensed  vapor 
collected  in  a given  period  of  time.  This  is  done  by  counting  drops 
returned  and  collected  for  a certain  time  interval.  If  the  volume 
of  the  drops  is  known  the  reflux  ratio  may  be  calculated. 

When  operating  column  4,  Table  I,  at  a head  reflux  of  2.5 
ml. /min.  and  a reflux  ratio  of  25  to  1,  only  200  ml.  of  liquid  were 
required  to  pass  from  pure  a-pinene  to  pure  3-pinene  at  20  mm. 
pressure.  A batch  of  about  4000  ml.  of  commercial  a-pinene  was 
used  in  the  kettle  in  this  separation.  This  distillation  is  shown 
in  Figure  I. 

Oamphene  which  boils  about  equidistant  between  a-  and  3-pinene 
at  20  mm.  pressure  cun  be  readily  separated  by  the  use  of  a six-foot 
length  of  the  seme  size  packing  as  column  4.  In  this  separation 
a head  reflux  ratio  of  40  to  1 used  during  the  collection  of 
a-pinene  (boiling  point  51*8°  at  20  m .)  was  purposely  maintained 
throughout  the  transition  from  a-pinene  to  oamphene  (boiling  point 
55*5°  at  20  mm.)  This  transition  required  110  ml.  In  the  trans- 
ition from  cum  phene  to  3-pinene  (boiling  point  59*2°  at  20  mm.) 
the  head  reflux  ratio  was  changed  to  60  to  1 and  had  a transition 
volume  of  85  ml. , which  is  15  ml.  less  than  the  operating  holdup  of 
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the  column.  100  ml.  of  the  cemphene  obtained  had  a solidifying 
range  of  44-45°  sand  the  remainder  solidified  at  a temperature  not 
lower  than  25°  0.  The  distillation  of  about  800  ml.  of  mixture 
was  completed  in  nine  days.  This  distillation,  ah  own  in  Figure  II, 
indicates  how  this  column  might  be  used  for  rapid  analysis  of  large 
quantities. 

For  distillations  such  as  this  a modified  total  condensation  - 
partial  takeoff  head^  was  used.  The  condenser  was  a four-foot  length 
of  0.5  inch  outside  diameter  glass  tubing  bent  into  a spiral  four 
inches  high.  A condenser  such  as  this  was  necessary  because  of  long 
periods  of  use,  low  temperature  of  vapors  and  the  relatively  high 
temperature  of  the  tap  water  wh ich  was  used  for  cooling  the  condenser. 
In  some  cases  it  was  necessary  to  circulate  brine  through  the  con- 
denser in  order  to  minimize  vapor  loss. 

As  a preliminary  test  of  column  5 & mixture  of  35  ml.  of  carbon 
tetrachloride  and  35  ml.  of  cyclohexane  was  separated  into  approx- 
imately 90  mole  per  oent  carbon  tetrachloride  and  100  mole  per  cent 
cyclohexane.  The  holdup  was  13  ml.  and  the  operation  required  thirty- 
six  hours.  This  distillation  is  shown  in  Figure  III. 

ffhen  fractionating  terpenes  the  column  was  so  regulated  that  the 
head  reflux  was  about  O.d  ml. /min.  A head  reflux  ratio  of  25  to  1 
was  used  for  collecting  pure  materials,  and  40  to  1 for  passing  be- 
tween fractions.  The  low  pressure  drop  of  this  column  combined  with 
it3  nigh  capacity  minimizes  any  thermal  reaction  by  allowing  an 
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analysis  to  be  completed  in  a short  period  of  tiu.e. 

32  ml.  were  collected  from  a mixture  of  a-pinene  and  3-pinene 
distilled  through  column  5 at  20  can,  pressure.  Under  the  aoove 
described  operating  conditions  16  ml.  of  a-pinene,  11  ml.  of 
3-pineno  and  5 ml.  of  mixture  boiling  between  the  two  pure  compo- 
nents were  obtained,  as  shown  by  Figure  IV. 

Column  5 has  been  used  in  the  analysis  of  a mixture  of  terpene 
alcohols  having  a relative  viscosity  of  31.  The  operation  of  this 
column  at  20  mm.  for  a material  of  this  viscosity  is  almost  as  easy 
as  the  operation  for  a mixture  whose  relf  tive  viscosity  is  much 
less,  such  as  a-  and  3-pinene s.  'Ibis  ease  of  operation  with  such 
viscuous  materials  makes  .he  spirul  screen  type  of  column  partic- 
ularly valuable  in  the  analysis  of  many  torpene  mixtures. 

Costs  of  Spiral  Screen  Type 

The  aitire  coat  of  column  4,  including  all  jackets  and  standard 
taper  glass  joints  was  37. 00;  of  column  5,  $35.00.  Labor  coets 
including  overhead  were  calculated  at  the  rate  of  $1.50  per  hour. 

Two  work- lours  per  foot  on  column  4 and  four  work-hours  per  foot  on 
columns  5 were  required.  Theee  coets  ao  not  include  the  construction 

of  the  punches  for  cutting  the  washers  which  requires  about  15  hours 
each. 


17. 


TABLE  I 


DATA  FOR  DETERMINING  THEORETICAL  PLATES  USING 
n-HEPTANE  METHYL  CYCLOHEXANE 
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*n 

n 

„20 
" D 

.02 

.02 

0.00 

1.4224 

.06 

.02 

16.86 

1.4207 

.10 

.02 

25.06 

1.4191 

. 14 

.02 

30.71 

1.4176 

.18 

.02 

35.06 

1.4160 

.22 

.02 

38.83 

1.4145 

.26 
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42.08 

1.4130 

• 30 
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1.4013 

• o2 
/ / 
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1.3999 

.66 
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67.34 

1.3985 

• 70 
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70.06 

1.3972 

.74 

M A 

.02 

73.00 

1.3959 

• 78 

O « 

.02 

76.25 

1.3946 

.82 
O / 

.02 

79.96 

1.3933 

.86 

.02 

84.37 

1.3920 

>90 

.02 

90.02 

1.3903 

>94 

.02 

98.21 

1.3896 

• 98 

.02 

115.07 

1.3883 
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Separation  jof  a-pineno  J cam  phene  anld  U-pxnene  art 
22  mm.  pressure  vjith  column  4. 
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poparajtMa  of  carbon  t et  rac  hi  ior  id  e frori  j cycloftexane 
: . at  atmospheric  pressure  with  co  luim 
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Separation  of  a-pinene  f roi  B4p lw nn  ft|i} 
pressure  using  column  5 


Summary 


A review  of  some  column  packings  has  been  made  with  respect 
to  their  usefulness  for  the  separation  of  terpenes.  From  this 
study  and  from  experimentation  it  has  been  shown  that  the  a piral 
screen  packing  is  very  efficient  for  the  separation  of  terpenes, 
and  that  Berl  saddles  are  the  most  efficient  of  any  of  the  loose 
packings.  A detailed  account  of  the  construction  and  operation 
of  columns  for  the  separation  of  terpenes  has  been  given. 
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Chapter  II 


PHYSICAL  CONSTANTS  OF  a-  AND  B-PIN3NE 

A knowledge  of  the  physical  properties  of  binary  mixtures 
of  a-  and  B-pinene  is  very  useful  when  working  with  American  gum 
turpentine.  Palkin1  has  pointed  out  that  it  is  largely  a-  and 
B-pinene  and  is  cam phene  free.  This  means  thay  any  fraction  be- 
tween a-  and  B-pinene  is  a mixture  of  these  two  substances. 

It  may  be  observed  by  reference  to  sources  of  tabulated  data 
such  as  Beilstein  or  the  International  Critical  Tables  that  the 
values  for  the  physical  constants  of  a-  and  B-pinenes  show  a wide 
discrepancy.  In  order  to  make  a study  of  binary  mixtures  of  a- 

and  B-pinene  it  was  necessary  first  to  establish  constants  for  the 
pure  substances. 

In  the  first  chapter  it  was  shown  that  the  spiral  screen  type 
of  column  packing  wll8  well  suited  for  the  purification  of  the  pin- 
enes.  Thus  by  using  efficient  columns  such  as  these  it  is  possible 
to  prepare  a-  and  B-pinenes  that  are  quite  pure.  Pinenes  prepared 
by  use  of  these  columns  *ould  oe  of  a higher  degree  of  purity  than 
any  previously  reported  material.  This  is  due  to  the  rapid  growth 
in  the  technology  of  column  construction  in  the  past  few  years. 

Preparation  of  Pure  a-Pinene  and  B-Pinene 
a-Pinene  was  prepared  by  fractionation  of  commercial  a-pinene 
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from  gum  turpentine  through  a 75  plate  spiral  screen  column  at 
20  mm.  pressure.  This  pressure  was  used  to  take  advantage  of  the 
lower  temperatures  required  to  boil  the  pinenes  so  that  thermal 
changes  would  be  reduced  to  a minimum.  Fractions  were  collected 
at  75  ml.  intervals.  All  fractions  with  a refractive  index  at 
25.0°  fl.  in  the  range  1.4631-1. 4633  were  oombined  and  refraction- 
ated through  the  same  column.  Fractions  were  then  collected  at 
50  uil,  intervals  and  their  indices  and  optical  rotations  were 
measured  at  2$.0°  C.  The  fractions  which  had  identical  physical 
values  were  combined  and  were  considered  to  be  pure  a-pinone. 

In  verification  of  this,  a 100  ml.  portion  of  the  pure  material 
was  distilled  through  a 60  plate  column.  No  change  in  the  two 
physical  constants  was  noted  at  any  point  during  the  collection 
of  the  distillate. 

<ood  turpentine  is  obtained  by  an  extraction  process  from  pine 
stumps.  a-Pinene  from  wood  turpentine  is  dextro  rotatory  and  with 
a rather  constant  value  of  about  4 260.  This  in  contrast  with 
a-pinane  from  gum  turpentine  which  may  oe  either  dextro  or  laevo 
rotatory  of  varying  magnitude. 14  Thus  it  was  quite  desirable  to 
obtain  pure  a-pinene  from  wood  turpentine  and  to  see  if  there  was 
any  difference  in  the  physical  properties.  Simonson14  has  pointed 
out  that  there  could  be  a cis  and  trans  form  of  a-pinene,  althouj n 
definite  evidence  of  these  have  not  been  obtained.  It  was  thus 
possible  that  an  a-pinane  from  a different  source,  obtained  in  a 
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different  manner,  could  have  a different  geometrical  configuration. 

Tne  3-pinene  used  was  prepared  in  an  analogous  manner  from 
commercial  B-pinene  from  American  gum  turpentine. 

The  fractionation  of  pure  a-pinene  from  wood  turpentine  in- 
volves its  separation  from  a small  amount  of  camphene. ^ Gamphene 
boils  about  3°  C.  higher  than  a-pinene  at  20  mm. , thus  a column  of 
about  125  plates  is  beat  for  this  separation.  The  pinene  fractions 
having  constant  refractive  index  and  optical  rotation  at  25.0°  C. 
were  combined  and  refractionated.  The  distillate  having  constant 
physical  properties  was  of  the  same  purity  as  the  a-pinene  from 
gum  turpentine. 


These  purified  pinenes  had  the  following  constants: 


Pinene 

b.  p.  20  mm. 

n25.oD 

d25.°4 

a25.° 

a D 

a- gum 

51.6 

1.4631 

0.8542 

-3.83 

a-wood 

51.6 

1.4631 

0. 3542 

♦26.10 

3-  gum 

59.3 

1.4768 

0. 8666 

-21.49 

1)1089  constants  are  in  close  agreement  with  unpublished  data 
of  Bain15  and  with  much  of  the  data  of  Palkin  and  Coworkers1* 2 of 
the  United  States  Department  of  agriculture.  Most  all  of  the  data 
of  the  earlier  workers16  show  variation  from  the  above  constants 
and  in  wch  a manner  as  to  indicate  that  their  a-pinene  was  contam- 
inated  with  3-pinene , and  that  their  3-pinene  contained  a-pinone. 
This  is  quite  likely  the  case  as  efficient  fractionating  columns 
have  only  recently  beai  developed. 
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Density  Measurements 


All  density  measurements  were  made  with  a 25  ml*  density 
bottle  and  checked  to  the  fourth  decimal  place  by  using  two  san- 
ples.  The  thermostat  was  held  at  25.0°  C.  by  meena  of  an  ^ninco 
letostatic  Thermoregulator  connected  to  the  vacuum  tube  relay 
curcuit  developed  by  Hirshberg  and  Huntress.1^  The  thermoregulator 
maintained  the  temperature  within  a limit  of  0.020  £♦ 

Mixtures  of  a-  and  B-pinene  were  made  up  to  known  concentra- 
tion by  weight.  Measurements  of  the  change  in  density  with  con- 
centration were  made  using  ooth  gum  and  wood  a-pinene.  No  differ- 
ence in  density  was  observed  for  these  two  a-pinenes  at  a given 
concentration  of  3-pinene.  These  data  are  given  in  Table  IV  end 
may  be  expressed  at  25-0°  0*  by  the  equation J 

d254  - 0.8542  4 0.0129x  - 0.0005  x2  (l) 

in  which  x ia  the  mole  fraction  of  B-pinene. 

Refractive  Index  Measurements 

The  refractive  indices  were  obtained  for  the  pure  substances 
and  then  mixtures  by  using  an  Abbe  refractoaieter  which  was  calibrated 
against  a known  glass.  Constant  temperature  was  maintained  by 
circulating  water  through  the  refractometer.  The  temperature  of  this 

water  was  controlled  by  the  thermo  regulator  and  vacuum  tube  circuit 
mentioned  above. 

Refractive  index  raeasuremente  on  the  two  pure  aubetancee  for 
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the  temperature  range  15-35°  C.  show  that  both  a-pinene  and  B-pinene 
have  a coefficient  of  0.00045  units  per  degree.  Observations  were 
made  every  two  degrees.  The  relation  between  temperature  and 
refractive  index  is  linear  as  shown  by  Table  V. 

Hie  variation  of  refractive  index  with  concentration  for  mix- 
tures of  B-pinene  with  either  gum  or  wood  a-pinene  at  25.0°  C,  are 
given  in  Table  VI.  These  data  may  be  expressed  by  the  equation: 

n25,0D  = 1.4631  4 0.0144x  - 0.0007  x2  (2) 

where  x is  the  mole  fraction  of  B-pincne. 

The  molr.r  refractions  of  the  pure  components  were  calculated 
using  the  Standard  atomic  refraction  values  of  Auwers  and  Ifiisen- 
lchr^  and  a value  of  0.48^  for  the  cyclobutane  rim  . In  this 
manner  a value  of  of  43.99  is  calculated  for  both  a-  and  3-pinene. 
From  observed  data  the  MD  values  of  43-93  and  44.40  were  calaulated 

for  a-  and  B-pinene,  respectively,  by  use  of  the  Lorenta-Loren* 
equation, 


n^-1 

^r2 


wherekj)  ■ molar  refraction 
M m molecular  weight 
d m density  ut  a given  temperature 
n ■ refractive  index  at  same  temperature  for  D-line. 
The  exhaltation  of  0.41  for  B-pi„ene  is  probably  due  to  the  jresance 
of  tne  exocyclic  double  bond  since  Auwers20  has  proposed  that  valuos 
of  from  O.32  to  0.52  !*d  unit  be  added  to  correct  for  the  exocyclic 
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methylene  group. 


Polarimetric  iseaaurements 

Since  a-pinene  from  guni  turpentine  has  a rotation  that  varies 

with  its  source,  sample,  and  the  time  of  year  obtained  from  the 

21 

tree  the  value  of  this  constant  has  no  diagnostic  signif icance. 

It  has  been  pointed  cut  by  Harmois^^  that  B— pinene  has  a constant 
specific  rotation  regardless  of  its  source,  and  that  this  value  is 
•22.44°  for  Hgj  light. 

All  rotations  were  observed  at  25.0°  C.  in  a jacketed  two 
decimeter  tube.  The  polarimster  was  equipped  with  suitable  fil- 
ters depending  on  the  wave  length  of  the  light  used. 

Listed  in  Table  VII  are  the  specific  rotations  of  a - and  3- 
pinene  and  their  mixtures  for  the  Nn^  (589  mm.),  Hgj  (578  mm.), 

H6V  (546  ““•)  lines.  Also  given  are  the  observed  rotatory 
dispersion  which  is  the  quotient  of  the  rotation  for  one  wave  length 
divided  by  the  rotation  for  another  wave  length. 

Also  listed  in  Table  VII  are  the  deviation  of  Biot's  law  for 
the  linearity  of  specific  rotations  of  mixtures  from  the  observed 
value  for  the  Nrd  line.  The  deviations  for  the  Hgj  and  Hgv  lines 
are  about  the  same.  The  data  for  change  in  rotation  with  concen- 
tration could  be  expressed  by  a second  degree  equation,  however, 
tni8  relation  would  change  with  the  variation  in  the  value  of  the 
rotation  of  the  a-pinene  used. 
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Biot' a law  may  be  applied,  to  express  rotatory  dispersion  for 
a given  mixture,  in  the  form 

fv  ■ na(afl)v  * (I-PbHQt 
aD  * nB(Rg)D  * U-nB)(fta)D 

in  which  n3  is  the  mole  fraction  of  3-pinene  in  the  mixture 

(ag)v  is  the  specific  rotation  of  3-pinane  for  line 

(a3)j  is  the  specific  rotation  of  3-pinene  for  NaQ  line 

(®a)v  the  specific  rotation  of  a-pinene  for  Hgv  line 

(agJjj  is  the  specific  rotation  of  a-pinene  for  Nap  line. 

./hen  the  values  of  dispersion  are  calculated  on  this  basis  only 
a slight  variation  from  the  observed  dispersions  are  noted.  This  de- 
viation is  illustrated  for  the  Sjt 

®D  dispersion  by  the  data  in  column 

7 of  Table  VII. 

Io  is  noteworthy  to  mention  the  observation  of  Dupont22  that 
for  mixtures  of  high  a-pinene  content,  70  mole  percent  or  gr®ter, 
the  dispersion  is  a good  indiec tor  of  the  a-pinene  content.  Orai- 
naraly  the  av/aj  ratio  has  been  used,  probably  because  the  two 
lines  are  obtained  from  the  seme  source.  However,  the  data  shows 
that  ar/aD  gives  a wider  dispersion  range  and  therefore  should  give 
a more  satisfactory  indication  of  a-pinene  content. 

i/apor  Pressure  keasuremants 

Vapor  pressures  were  determined  only  for  pure  a-  and  pure  B- 
pinene.  These  were  determined  by  the  use  of  a distilling  column  in 
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which  the  vapors  were  allowed  to  come  to  equilibrium  with  the 
liquid.  The  column  temperature  was  adjusted  to  within  1.5°  of 
the  temperatures  of  the  condensing  vapors  in  the  head  of  the 
column.  The  temperatures  of  the  condensing  vapors  were  measured 
by  the  use  of  a calibrated  mercury  thermometer  that  could  be  re;  d 
within  a limit  of  ±0.05°  C.  The  bulb  of  the  thermometer  was 
wrapped  with  a single  layer  of  cotton  gauge. 

The  pressures  were  controlled  accurately  by  a sulfuric  acid 
mano8tat  of  the  Hershberg-IIuntress  type.1^  The  action  of  the 
vacuum  pump  on  the  manostat  was  checked  by  partially  closing  a 
stopcook  placed  between  the  pump  and  the  manostat.  Fluctuation 
was  minimized  by  placing  a five  gallon  bottle  between  the  manostat 
and  the  system. 

A mercury  manometer  was  connected  to  the  column  head  so  that 
the  pressure  at  vtoich  the  vapors  were  condensing  would  be  recorded. 
This  manometer  could  be  read  to  0.1  mm.  of  mercury  and  was  cali- 
brated against  a Germann2^  type  of  barometer. 

At  each  recorded  temperature  5 ml.  of  liquid  was  coll acted  at 
a reflux  ratio  of  20  to  1. 

The  data  thus  obtained  for  a-  and  B-pinene  in  the  pressure  range 
of  15-80  mm.  are  recorded  in  Tables  VIII  aid  IX.  These  data  were 
plotted  on  single  cycle  semilog  paper,  figures  V and  VI,  and  a 
straight  line  was  drawn  through  the  points.  From  this  it  was  found 
that  the  equation 
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(3) 


log  p • 8.0520  - 2193/T 

represents  the  data  for  a-pinene.  Similarly,  the  equation 

log  p . 8.0870  - 2256/T  (4) 

represents  the  data  for  3-pineno. 

The  Clausius- Clapeyron  equation  may  be  written  as^ 

dJa  P . Le_ 
d T 3T2 

where  1*  is  latent  heat,  of  vaporization  in  this c ase 

4 

H is  the  gas  constant,  I.98  cal. 

T is  absolute  temperature 
p is  pressure. 

Assuming  Le  to  be  constant,  then  integration  gives 

1”  P • * k4  0 

3T 

thus  log  p * c - a/T 
where  c and  a are  constants. 

Hence  L9  g 2.3  x R x a. 

Thus  from  the  slopes  of  the  plots  the  latent  heat  of  vaporization 
for  the  stated  pressure  range  may  be  shown  to  be  10,040  cal.  per 
mole  or  73*72  cal.  per  gram  for  a-pinene  and  10,320  cal.  per  mole 
or  75*84  cal.  per  gram  for  3-pinene. 

Vapor-Liquid  Compositions 

fns  isobar ic  vapor-liquid  compositions  at  20.0  am.  were  mea- 
sured using  a modified  Sameahima  apparatus. 2*  This  apparatus  is 
designed  to  give  one  theoretical  plate,  so  that  the  condensed  vapors 
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would  have  the  compoeition  required  by  flaoult's  law  if  the  mixture 
were  ideal.  About  100  ml.  of  a mixture  of  a-  and  B-pinene  were 
placed  in  the  flask  of  the  apparatus  which  was  in  a thermostat 
whose  temperature  was  2-4°  above  the  estimated  boiling  point  at  20mm. 
of  the  mixture  in  the  flask.  The  pressure  waa  then  lowered  to  20.0 
tm.t  and  the  mixture  was  kept  vaporising  constantly  by  means  of  an 
internal  electrical  heater.  Equilibrium  between  liquid  and  vapor 
was  generally  obtained  in  two  hours,  but  four  hours  were  allowed 
before  a final  measurement  waa  made.  During  tnia  time  a constant 
rate  of  flow  of  about  lo  ml.  per  minute  was  maintained  by  the  con- 
densed vapor 8 returning  to  the  flaak. 

Due  to  the  long  periods  of  time  allowed  for  equilibrium,  brine 
was  circulated  through  the  condensing  ay  stem  which  consisted  of  a 
pair  of  coils  from  four  foot  lengths  of  glass  tubing.  This  co  n- 
a an  wing  system  was  effective  inasmuch  as  experiments  showed  that 
there  was  no  detec tible  vapor  loss  four  hours  after  vupor-liquid 
equilibrium  was  attained. 

When  equilibrium  had  been  thoroughly  established,  samples  of 
liquid  and  condensed  vapor  were  withdrawn  oy  means  of  a capillary 
pipe „te.  lie  composition  of  the  samples  was  determined  by  the  use 
of  the  refractive  index  data  Taole  X and  equation  2.  Meaeurementa 
were  made  by  starting  with  mixtures  rich  in  B-Pinene  and  going  to 
mixtures  rich  in  a-pinene,  and  aleo  by  starting  with  mixtures  rich 
in  a-pinene  and  going  to  mixtures  rich  in  3-pinene.  The  data  obtained 
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a re  given  in  Table  X. 

In  order  to  compare  the  observed  values  with  those  of  an 
ideal  system,  pressures  of  the  pure  components  were  calculated  for 
the  temperatures  listed  in  Table  XI  using  equations  3 and  4.  Then 
for  each  temperature  was  calculated  a liquid  composition  and  its 
corresponding  vapor  composition  at  20  mm.  pressure  by  applying 
Haoult's  law.  The  difference  between  the  observed  and  calculated 
vapor  composition  is  then  a measure  of  the  mixture's  deviation 
from  ideality.  This  deviation  is  given  in  Table  XI. 

When  the  data  given  in  Table  X are  plotted  in  the  form  of  a 
liquid  vapor  diagram,  Figure  VII,  it  is  found  that  24  theoretical 
plates  are  required  to  go  from  a mixture  of  5 mole  percent  to 
95  mole  percent  alpha  pinnne  in  a single  fractional  distillation. 
An  estimated  43  theoretical  plates  are  needed  in  order  to  make  a 
complete  separation  within  the  limits  of  physical  observation. 

Column  Tests 

Since  the  vapor-liquid  data  for  a-  and  3-pinene  was  available 
for  20  mm.  pressure  it  was  desirable  to  estimate  the  effect  of 
throughput  upon  tho  efficacy  of  the  column  and  also  to  test,  at 
reduced  pressure,  the  equation  of  Carswell, 25  tor  H.K.T.P.  of 
a packed  column. 

H.E.T.P.  • kMd/T 

where  k is  a constant  for  the  column 

& is  the  molecular  weight  of  the  liquid  mixture 
d is  the  density  of  the  liquid  mixture  at  the  boiling 
temperature  e 

T is  the  absolute  boiling  temperature  of  the  liquid  mixture. 
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The  column  chosen  for  thi.3  was  a spiral  screen  type  with  an 
H.S.T.P.  of  0.65  inch  for  the  mixture,  n-heptane-methylcyclohexane. 
Using  this  value,  k was  calculated  to  be  3- 72.  Accordingly  an 
H.S.T.P.  of  1.3  inch  was  expected  for  the  mixture,  a-pinene- 
B-pinene.  Actually,  see  Table  XII,  a value  of  0.75  inch  was  found 
as  the  i.aximura  H.7S.T.  '.,  but  if  the  throughput  was  increased  or 
decreased  apprecimly  from  its  optimum  of  1.5  ml.  per  min.  the 
H.  .?.  . rose  to  about  1.0  inch.  Thus  it  appears  from  these  data 
that  the  equation  of  Carswell's  does  not  apply  very  well  at  reduced 
pressures  and  that  the  throughput  has  a critical  range  where  the 
H.S.T.P.  is  least. 
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TABLE  IV 


DENSITIES  OF  aiXTUBSS  OF  a-  AND  B-PINENK 


Mole 

Fraction 

3-pinene 

dtf*°4 

obs. 

4*-°* 

calc. 

0.000 

0.8542 

0.8542 

.162 

.8562 

0. 8563 

.292 

.8579 

0.8579 

.402 

.8593 

0.8593 

.497 

.8605 

0.8605 

.623 

*8621 

0.8621 

.703 

.8630 

0.8630 

.846 

.8647 

0.8648 

1.000 

.8666 

0.8666 
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TABLE  V 


CHANGE  OF  REFRAJTIVS  INDEX  tfflTH  TEMPERATURE 


t°  c. 

njj  a- p inane 

nD~  B-pinone 

13.7 

1.4682 

1.4818 

17.9 

1.4663 

1.4800 

20.1 

1.4653 

1.4789 

24.0 

1.4636 

1.4772 

27.3 

1.4621 

1.4758 

30.4  ' 

1.4607 

1.4743 

34.5 

1.4588 

1.4725 

25.1 

I.4631 

1.4768 
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TABLE  VI 


HEFftriGTI'/s;  INDICES  OF  a-  AND  B-PIN3NE 


Mole 

.25.0 

»25.0 

Fraction 

u 

u 

3-pin ene 

oba. 

oalo. 

0.000 

1.4631 

1.4631 

.095 

1.4645 

1.4645 

.203 

1.4660 

1.4660 

.300 

1.4673 

1.4674 

.400 

1.4687 

1.4687 

• ♦93 

1.4700 

1.4700 

.566 

1.4713 

1.4713 

.694 

1.4727 

1.4727 

.761 

1-4739 

1.4739 

.902 

1.4755 

1.4755 

1.000 

1.4768 

1.4768 
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SPECIFIC  ROTATIONS  AND  DISPERSIONS  OF  MIXTURES  OF  a-  AND  B-PINENE 
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TABL  . VIII 


VAPOH  PRESSURE  OF  a-PINENE 


t°c. 

poba. 

Pcale 

mm. 

mm  • 

84.0 

82.1 

82.0 

do. 8 

71.8 

71.9 

77.7 

63-3 

63.4 

73-2 

52.7 

52.6 

68.3 

42;  7 

42.7 

60.9 

30.8 

30.7 

59.3 

28.6 

28.6 

54.1 

22.5 

22.5 

52.3 

20.6 

20.6 

46.9 

15*8 

15.9 
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TABLE  IX 


VAPOR  PRESSURE  OF  3-PINENB 


t°c. 

Pob8. 

Pc  ale 

mn. 

mm. 

91.8 

80.2 

80.5 

88.4 

70.8 

70.5 

84.5 

60.4 

60.3 

80.0 

50.0 

50.1 

74.7 

40.0 

40.0 

71-5 

35*0 

34.9 

68.3 

30.3 

30.2 

67.0 

28.5 

28.5 

64.1 

25.0 

25.0 

62.6 

23.4 

23.4 

61.3 

22.0 

22.0 

59.3 

20.0 

20.0 

54.4 

15.8 

15.9 

♦3. 


TABLE  X 


LIQUID-VAPOa  COMPOSITION  AT  20  m . 


a-p  inane  in  Liquid 


n25’°D 

fcole  fractii 

1.4759 

0.070 

1.4758 

0.075 

1.4754 

0.105 

1.4751 

.130 

1.4747 

.160 

1.4745 

.175 

1.4731 

.280 

1.4727 

.310 

1.4722 

.345 

1.4713 

• 375 

1.4713 

.415 

1.4710 

.435 

1.4706 

.465 

1.4698 

.525 

1.4691 

.575 

1.4639 

• 590 

1.4680 

.6  55 

1.4676 

.630 

1.4668 

.740 

1.4662 

.780 

1.4653 

.845 

1.4650 

.865 

1.4646 

.880 

1.4647 

.890 

1.4641 

.930 

1.4637 

.9 55 

a-pinene  in  Vapor 


Lole  fraction 


1.4757  0.085 
1.4756  0.090 
1.4751  0.130 

1.4747  .160 

1.4742  .195 
1.4740  .215 
1.4722  .345 
1.4718  .375 
1.4712  .420 
1.4708  .450 
1.4702  .495 
1.4699  .515 
1.4694  .555 
1.4686  .610 
1.4680  .655 
1.4678  .670 
1.4671  .720 
1*4667  .745 
1.4661  .790 
1.4656  .825 
1.4649  .875 

1.4647  ,690 
1.4645  .905 
1.4644  .910 
1.4639  .945 
1.4636  .965 
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DEVIATION  OF  VAPOft  CQNCENrftAT ION  AS  CALCULATED  3Y  EAOULT’S  LAW 
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TABLE  XII 


H.S.T.P.  /. 3.  THROUGHPUT  USING  A MIXTURE  OF  a-  AND  B-PIN3NE 

AT  20.0  ram.  PRESSURE 


Kettle 

Index 

Head 

Index 

Plates 
n 4 1 

Throughput 
ml. /min. 

1.4749 

1.4639 

17 

0.8 

1.4749 

1.4640 

17 

1.0 

1.4761 

1.4647 

19 

3.3 

1.4758 

1.4639 

20 

4.3 

1.4759 

1.4640 

21 

2.15 

I.4763 

1.4636 

25 

1.50 

1.4756 

1.4636 

22 

1.36 
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TGU:IE  VI 


Semi-Logarithmic  Paper. 
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FIGUFUS  VII 


.00  .20  ,M0  .60  .$0  /.00 

Klole  Fraction  a-Pinen®  in  Liquid  I 


Vapor- liquid  equilibrium  diagram  for  a-  and|3-  pinene 
h4S[:2Qii©:  miju 
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Summary 


In  this  chapter  densities,  refractive  indices,  and  rotations 
of  &•  and  8-pinene  and  their  mixtures  have  been  recorded. 

The  vapor  pressure-temperature  relation  for  a-pinene  and  3- 
pinene  for  the  pressure  range  15-dO  mra.  has  beoi  given. 

The  isobaric  vapor- liquid  equilibrium  concentration  data  for 
mixtures  of  a-  and  B-pinene  have  been  recorded.  By  means  of  these 
data  it  was  shown  that  the  system  of  a-  and  3-pinene  is  only  ideal 
in  the  range  40-60  mole  percent  and  has  a rather  wide  departure 
from  ideality  at  low  or  high  mole  percents. 

A comparison  between  the  H.B.T.P.  as  measured  with  n-heptane- 
methyloyclohexane  and  and  B-pinene  has  been  given. 
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Chapter  III 


THE  ACTION  OF  S3LENIUM  DIOXIDE  ON  B-PINENE 
Introduction 

Selenium  dioxide  has  a selective  action  on  ethylenic  hydro- 
carbons. The  double  bond  present  in  the  ethylenic  hydrocarbon 
activates  the  hydrogene  on  an  adjacent  methylene  or  methyl  group. 
3eleniura  dioxide  is  unique  in  that  it  does  not  attack  ths  point  of 
unsaturation  but  does  attack  the  methylene  or  methyl  group  that  is 
activated  by  the  ethylenic  linkage^.  In  a compound  where  a methyl 
and  a methylene  group  may  be  activated,  it  has  been  found  that  in 
general  the  methylene  group  is  the  group  which  is  ths  more  completely 
attacked.  The  primary  product  of  the  reaction  is  an  alcohol;  a 
secondary  alcohol  resulting  from  a methylene  group  and  a primary 
alcohol  from  a methyl  group.  In  many  oases  ths  reagent  effects  the 
oxidation  of  ketones  and  aldehydes  to  the  corresponding  «*-diketone 

or  <X-keto  aldehyde.  In  this  manner  glyoxal  may  be  prepared  from 
ethanal^T. 

q 0 o 

CH3CHO  y OHC-CHO 

In  some  cases  the  reaction  stops  with  the  formation  of  the  hydroxy 

compound,  an  example  of  this  is  the  preparation  of  6-hydroxyabietic 
2d 

acid  . In  this  example  the  6-  position  i.  activated  by  a conjugate 
system  of  double  bonds  rathsr  than  a singls  ethylenic  link. 
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H3CV  ,c°oh 

C OHo 

/V/\ 

H2u  nC  NGH 

I I II 

H2C  Cv  CH 

\/*\  «/\ 

HoG  H,  H<r  sCH 

I II  ^ 

HoC^-  ? C*»CH 

V/  '<*3 

GH2 


HoC  COOH 
h 

I I II 

'VhA 


I 

h2c 


CH 

II  /0>3 

7C-CH 


\y  "®: 

HOOH 


B-pinene  haa  the  structural 

P 

G 


NS^GH2 


h2g 


\ 


0H3 


CH 


CM, 


Only  tha  hydrogens  on  carbon  at  two  ara  activated  for  reaction 
with  selenium  dioxide*  Hence  tha  products  expected  from  the 
reaction  would  be  pinoearveol  (I)  and  pinocarvone  (H)* 

OH  9 

I 

CHOH 


CH2 


(n) 
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The  action  of  selenium  dioxide  on  3-pinene  was  originally 
carried  out  by  Dupont,  Allard  and  Dulou^9f  who  identified  the  steam 
volatile  oil  ae  pinocarvone.  Since  it  appeared  that  pinooarveol 
should  be  among  the  products,  this  reaction  was  critically  reexamined. 

When  B-pinene  was  treated  with  selenium  dioxide  in  molar 
amounts  in  any  solvent  listed  except  acetic  acid  or  acetic  anhydride 
the  resulting  steam  volatile  oil  was  found  to  always  be  ketonic  in 
nature.  It  proved  to  be  a mixture  of  pinocarvone  and  carvopinone  (IV). 


Carvopinone  is  a rather  remarkable  compound  in  that  its  existence 
ie  contrary  to  the  dredt  rule2^  which  states  that  substances 
having  an  ethylenio  linkage  attached  to  a die yc lie  ring  are  unstable 
and  tend  to  isomeriie  to  a more  stable  form. 

Until  the  present  work,  the  only  known  preparation  of  carvopinone 
involved  the  formation  of  nitrosopinene  (ill)  and  its  hydrolysis  to 
carvopinone^®.  This  hydrolysis  only  takes  place  to  a very  limited 
extent,  hence  large  amounts  of  carvopinone  have  not  been  obtained. 
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Preparation  of  Selenium  Dioxide 


Selenium  of  99%  purity  was  diaaolved  in  an  excess  of  con- 
centrated nitric  acid  in  the  hood.  This  solution  was  then 
evaporated  to  dryness  over  a steam  bath.  When  dry  it  was  dis- 
solved in  water,  filtered  and  again  evaporated  to  dryness. 

This  was  again  dissolved  in  water,  filtered  and  evaporated. 

•hen  dry  it  waa  heated  at  125°  0 for  2-4  hours  and  then  pul- 
verised in  a mortar.  When  prepared  in  this  manner  the  product 
was  quite  free  from  nitric  acid  and  ready  for  use. 

Preparation  of  B-Pinene 

In  all  cases  this  was  obtained  by  the  fractionation  of 
commercial  material.  As  estimated  by  refractive  index  measure- 
ments the  purity  was  between  99  and  10#.  Since  it  has  been 
found  that  B-pinene  is  rather  rapidly  attacked  by  air  on 
standing^  , freshly  distilled  material  was  always  used.  Con- 
stants for  a representative  sample  of  3-pinene  used  were, 
a.  p.  59°  G (20  am.),  n25Di.4768  (a)30  D -21.4°. 

Oxidation  of  B-Pinene  by  Selenium  Dioxide 

Oxidations  in  Non-Ssterifying  Media. 

The  B-pinene  and  the  solvent  in  the  amounts  shown  in  Table  XIII 
vers  placed  in  a two-neck  flask  equipped  with  a stirrer  and  a re- 
flux condenser.  The  powdered  selenium  dioxide  was  then  slowly 
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added.  Care  must  be  taken  to  avoid  too  rapid  an  addition  as  this 
will  cause  the  reaction  to  take  place  with  explosive  violence. 

It  was  found  most  practicable  to  ada  the  selenium  dioxide  at  a 
rate  such  that  the  reaction  flask  wus  never  uncomfortably  warm 
to  the  touch.  After  complete  addition  of  the  dioxide,  the  mix- 
ture was  kept  boiling  gently,  by  means  of  an  electrical  heating 
jacket,  for  various  lengths  of  time  as  indicated  in  Table  XIII. 
«hen  pyridine  was  used  as  a solvent  a reaction  temperature  of 
b0-90°  C was  used.  In  general,  heating  for  longer  than  ten 
hours  decreased  the  yield  of  steam  volatile  oil  ana  increased 
the  yield  of  polymerization  products.  When  the  reaction  was 
complete,  the  selenium  formed  was  removed  by  filtration.  The 
filtrate  was  steam  distilled  until  a clear  distillate  was  ob- 
tained. The  ether  extract  of  the  distillate  was  then  distilled 
at  2-3  irjn.  pressure  in  order  to  remove  all  solvent-.  The  amounts 
and  specific  rotations  of  the  oils  thus  obtained  are  shown  in 
Table  XIII. 

In  only  one  reaction  was  any  hydrocarbon  recovered.  Here 
the  recovery  was  less  than  2%  of  the  steam  volatile  oil. 

In  a few  cases  the  residue  after  removal  of  the  steam  volatile 
oil  was  pyrolyzed  and  distilled  under  reduced  pressure.  The  oil 
thus  Obtained  had  the  odor  characteristic  of  the  alkyl  sulfides 
and  was  not  further  investigated. 
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Oxidations  in  Ester if ying  Media. 


3-pinene  and  the  solvent  in  the  amounts  shown  in  Table  XIV 
were  rapidly  stirred  shile  selenium  dioxide  was  slowly  added. 

Tie  rate  of  addition  was  suon  that  the  temperature  of  the  mixture 
did  not  rise  above  70°  G.  After  addition  of  the  Se02  the  mix- 
ture was  gently  refluxed  for  four  hours.  At  the  end  of  this 
time  the  mixture  wus  filtered  to  remove  selenium  and  the  filtrate 
s team  distilled.  The  distillate  was  then  treated  with  sodium 
bicarbonate  and  the  oil  extracted  with  ether  and  then  distilled 
at  2-3  tarn,  pressure.  This  is  the  yield  of  oil  recorded  in 
Table  XIV. 

h - t ' » 

Method  for  Separation  of  Pinocarvone  and  Garvopinone 

The  oil  containing  a mixture  of  pinocarvone  end  carvopinone 
was  added  to  twice  its  volume  of  a solution  ehich  contained 
325  g.  of  sodium  bisulfite  and  105  g.  of  sodium  bicarbonate  per 
1000  g.  of  wator.  Three  to  five  drops  of  phenolphthalein  indi- 
cator solution  were  added  and  the  mixture  shaken  until  the 
solution  turned  pink.  Portions  of  35*  sodium  bisulfite  solution 
were  added  and  the  shaking  repeated  after  each  addition.  This 
process  was  continued  until  the  solution  no  longer  became  pink. 

At  this  point  there  was  no  oil  visible.  The  solution  was  twice 
extracted  with  ether  and  the  aqueous  portion  was  then  diluted 
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with  twice  its  volume  of  water.  The  mixture  was  steam  distilled 
with  intermittent  additions  of  saturated  sodium  carbonate  solu- 
tion until  no  more  oil  was  obtained  in  the  distillate.  The  vola- 
tile oil  obtained  by  extraction  of  the  distillate  with  ether  was 
then  distilled  at  2-3  mm.  pressure.  The  product  w;  s pinocarvore. 
It  was  identified  by  its  oxime  and  its  aemicarbazone. 

To  the  remainder  of  the  hot  sodium  bisulfite  solution  was 
added  10  cc.  of  25%  sodium  hydroxide  and  the  steam  distillation 
was  continued.  Ten  cc.  portions  of  sodium  hydroxide  were  edded 
intermittently  until  no  more  oil  appeared  in  the  distillate. 
During  this  process  from  10  to  2 5%  of  the  original  oil  was  con- 
verted into  a solid  polymer  in  the  bisulfite  solution.  The  ether 
extract  of  the  distillate  was  distilled  at  2-3  mm.  pressure. 

The  product  was  carvopinone.  It  was  identified  by  its  semi- 
caroazone,  which  yields  carvone  on  hydrolysis  and  by  its  oxime 
which  is  nitrosopinene. 

ihis  is  the  manner  in  which  the  oils  of  Table  XIII  were 
separated. 

Alcohol  Texts  for  Oxidations  of  Table  XIII 

The  oils  in  Table  XIII  were  tested  for  alcohols  because  it 
vi.s  thought  that  some  should  be  present.  Since  all  of  the  tests 
described  below  were  negative,  it  must  be  concluded  that  if 
alcohols  are  formed  in  the  re:  ction  between  molar  amounts  of 
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B-pinsne  and  selenium  dioxide,  they  are  present  in  undetectible 
amounts. 

The  teats  described  below  were  applied  to  the  original  oil 
obt  ined  by  the  oxidation  and  to  the  ether  extracts  of  the  bi- 
sulfite solution  and  to  the  steam  distillate  obtained  by  adding 
sodium  hydroxide  to  the  bisulfite  solution  on  the  chance  that 

neutral  oisulfite  might  have  added  to  the  ethylenic  linkage  as 

30 

in  the  case  of  propenol, 

One  to  two  cc,  portions  of  the  various  oils  were  shaken  with 
25%  sulfuric  acid  and  allowed  to  stand,  with  intermittent 
agitation,  for  several  weeks,  No  crystalline  hydrate  was  formed. 

One  cc,  portions  of  the  oils  were  treated  with  equal  quan- 
tities of  phenyl  and  a-naphthyl  isocyanates,  with  and  without 
solvents.  No  urethans  formed. 

One  cc.  portions  of  the  oils  were  treated  with  acetic  an- 
hydride and  sodium  acet  te.  No  acetates  formed. 

Separation  of  the  Steam  Volatile  Oil  from  Oxidation  Mixtures 
in  Saterifying  Media 

These  oxidations  were  carried  out  in  acetic  acid  media  in 
order  to  esterify  any  alcohol  that  might  be  formed  - aid  in 
this  manner  obtain  a more  accurate  insight  as  to  the  course  of 
the  reaction.  For  reactions  carried  out  in  acetic  acid,  the 
steara  volatile  products  were  found  to  be  pinocarvone,  carvo- 
pinone,  end  pinocarveol,  largely  as  the  acetate.  The  amounts  of 


each  for  a given  reaction  are  shown  in  Table  XIV.  The  follow- 
ing procedure  was  used  to  obtain  these  products. 

For  pinocarveol.  The  steam  volatile  oil  from  the  oxidation 
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mixture  was  added  to  an  equal  volume  of  ethyl  borate  and 
heated  for  one  hour  at  125°  C.  and  then  by  gradually  lowering 
the  pressure  and  raising  the  temperature  to  150°  C.  the  non- 
alcoholic materials  were  removed.  Separate  experiments  have 
shown  that  butyl  borate  may  be  used  equally  well  as  ethyl  bo- 
rate. Previous  experiments  with  pinocarvyl  acetate  showed  that 
no  pinocarvyl  borate  can  be  formed  from  the  acetate  under  the 
above  described  conditions,  /ifter  removal  of  the  non-alcoholic 
materials,  the  residue  in  the  flask  is  impure  pinocarvyl  borate. 
The  borate  was  then  simultaneously  hydrolysed  and  steam  distilled 
from  a 1($  sodium  carbonate  solution.  The  volatile  oil  obtained 
in  the  distillate  was  extracted  with  ether  and  distilled  at 
2-3  mm.  pressure  to  give  quite  pure  pinocarveol. 

For  pinocarvyl  acetate.  The  oil  removed  jy  distillation  from 
the  ethyl  borate  treatment  was  then  added  to  twice  its  volume  of 
sodium  bisulfite  solution  and  extracted  as  described  for  the 
separation  of  carvopinone  and  pinocarvone.  When  the  ketonic 
materials  were  absorbed  by  the  bisulfite  solution,  the  solution 
was  twice  extracted  with  ether  and  the  ether  extract  was  distilled 
at  2-3  ®m.  pressure.  The  distillate  was  nearly  pure  pinocurvyl- 
acetate. 
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For  c&rvopinone  and  pinocarvone.  These  ketones  were  present 
in  the  bisulfite  solution  and  were  obtained  from  it  by  the 
selective  decomposition  of  the  bisulfite  addition  compounds  al- 
ready described. 

Ho  hydrocarbon  was  found  in  any  of  the  reactions  carried  out 
in  acetic  acid  media. 

The  reaction  mixture  may  also  be  readily  separated  by  first 
extracting  with  bisulfite  and  then  following  with  ethyl  borate. 

Identification  and  Properties  of  the  deaction  Products 

Pinocarvone:  .<hen  prepared  as  described  from  the  bisulfite 

it  had  the  constturats,  o.  p.  75-70°  (3  mm.),  ^£1-223°  (760  aim.), 

d304  0.980,  A 3°d  _ 16.5°,  n3°D  1.500O,  n20D  1.503b,  iiD  calcd. 

18 

44.03»  found  44.86. 

Pinocarvoxioe : Ifais  compound  was  prepared  by  the  method  of 

ieckmann.^4  One  gram  of  hydroxylamine  hydrochloride  was  dis- 
solved in  five  ml.  water,  sodium  bicarbonate  was  then  added 
until  evolution  of  carbon  dioxide  ceased.  This  solution  was 
then  shaken  with  one  gram  of  oarvopinone  in  three  ml.  methanol. 
After  standing  for  two  days  the  oxime  was  removed  oy  filtration. 
On  r eery stullixat ion  from  dilute  etnanol,  fine  needles  were  ob- 
tained which  melted  at  68.0-68.4°  (corr. ).  Schmidt35  reported 
68-69°. 
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Pinooarvone  Semicarbazona : A saturated  aqueous  solution  of 

semiourbazide  hydrochloride  and  sodium  acetate  was  prepared. 35 
Ten  ml.  of  this  solution  was  added  slowly  to  a solution  of 
pinooarvone  in  methanol  made  by  dissolving  one  gram  pinooarvone 
on  ten  ml.  methanol.  Precipitation  of  the  aemicarbazone  oc- 
curred immediately.  The  precipitate  was  collected  and  recrys- 
tallized from  aqueous  methanol,  giving  white  needles,  m.  p. 
212-213°  (corr. ),  Schuddt3^  reported  212-215°  0.  The  ketone 
was  generated  by  steam  distillation  from  a solution  containing 
phthalic  anhydride,^  and  was  then  distilled.  None  of  its 
physical  constants  was  changed  appreciably. 

Pinooarvone  2,4-Dinitrophenylhydrazone:  Two  grams  of  2,4- 

dinitrophenylhydra^ine  was  added  to  100  cc.  of  an  alcoholic 
solution  containing  1,5  g-  of  pinooarvone.  The  mixture  was 
brought  to  boiling  and  2 oc.  of  concentrated  hydrochloric  acid 
added.  Thie  caused  the  formation  of  a semi-solid  mass  which 
was  broken  by  violent  agitation.  After  boiling  for  three  minutes, 
the  mixture  was  filtered  and  the  precipitate  washed  with  ethanol, 
i’he  yield  of  crude  material  was  about  70/i,  m.  p.  221°.  After 
two  recrystallizations  from  coiling  ethanol  the  «.  p,  reached 
the  constant  value  of  223-223-5°  (corr.).  Anal.  Calcd. 
for  C,  53.1  b;  H,  5.5 0.  Found:  C,  58.10;  H,  5.66. 

vJarvopinone:  "'hen  this  compound  was  prepared  as  described 

from  th8  bisulfite  solution  it  had  the  constants,  b.  p.  82-84° 
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(3  nra.),  d3°4  0.?73,  a 3°D  4 62.7°,  *»30d  1.4910,  n2lD  1.4948, 

„ ia 

MD  calcd.  44.83,  found  44.70. 

Anal.  Calcd.  for  0,  79*95;  -1,  9*39.  Found:  C,  79*68, 

H.  9.45. 

Carvopinone  turned  yellow  upon  standing  for  a few  days  and 
formed  a white  solid  polymer  when  heated  to  140°  or  on  prolonged 
standing.  This  polymer  is  insoluble  in  the  common  solvents. 

Upon  heating  to  about  320°  it  softens  and  slowly  melts  with 
decomposition, 

Carvop inoxime : This  compound  was  prepared  by  the  method  of 

Beckmann^  as  used  for  the  preparation  of  pinocarvoxime.  after 
recrystalliaation  from  aqueous  methanol  its  a.  p.  was  132-133° 
(corr.).  'al Inch 3 ^ reported  132°. 

Carvopinone  Bemicurbazone : This  compound  was  prepared  by  the 

method  of  Schmidt^  described  for  the  preparation  of  pinocar- 
vone  somicarbazone.  It  generally  required  two  days  for  the 
semicarbazone  to  form.  After  recrystallization  from  aqueous 
methanol,  the  hara  white  prisms  obtained  did  not  melt  below 
300°  as  recorded  by  <?allaoh  and  dngelbrecht. ^ 

Two  grams  of  the  substance  was  simultaneously  hydrolyzed 
and  steam  diatilled  in  the  presence  of  oxalic  acid. 35  a small 
amount  of  polymer  formed  in  ths  flask  - a behavior  character- 
istic of  carvopinone.  The  distillate  was  extracted  with  ether  and 
the  etner  evaporated  at  #oom  temperature  under  reduced  pressure. 
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The  oil  obtained  had  the  characteristic  odor  of  carvone  and  a 
value  n20o  1.4993*  This  oil  was  converted  to  the  semicarba- 
zone.  The  first  crystals  which  formed  were  recrystalliaed  from 
dilute  methanol.  These  melted  at  212-2130,  indicating  that  some 
pinocarvone  was  present  at  this  point.  The  remaining  crystals 
softened  at  154°,  which  is  the  approximate  m.  p.  of  the  somi- 
carbazone  of  dl-carvono ,3®  and  did  not  completely  melt  until 
172  was  reached.  These  facts  indicate  the  formation  of  carvo- 
pinone,  pinocarvone  and  earvone  when  cnrvopinone  semicarbazone 
is  hydrolyzed  under  the  above  conditions. 

Separate  experiments  have  shown  that  carvopinone  does  not 
yield  carvone  when  refluxed  with  oxalic  acid,  or  acetic  acid, 
either  in  aqueous  or  alcoholic  media.  The  product  generally 
obtained  by  the  above  treatment  was  the  characteristic  polymer 
of  carvopinone  and  some  unreacted  carvopinone. 

For  Pinocarveol:  This  compound  obtained  through  the  borate  had 

the  constants,  b.  p.  78°-3o°  (3-4  mm.),  n2^D  I.498O,  (a)2^D  4 65.5, 

0.976,  calcd,lti  45.52,  found  45.?2,  This  pinocarveol 
solidified  at  about  5°  0.  Schmidt  reports  a thaw  point  of  7°  C. 
for  pinocarveol  purified  through  the  ph on ylur ethane. 35 

Pinocarveol  phenyl urethane  was  prepared  as  described  by 
Schmidt.3^  Equivalents  of  the  pinocarveol  and  phenyl  isooyanate 
were  mixed  and  allowed  to  stand  for  a day  or  two.  The  crystals 
of  the  urethane  were  then  removed  by  suction,  and  recrystallized 
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from  petroleum  ether,  b.  p.  3 >65°  C.  If  the  pinocarveol  is  not 
carefully  purified,  the  urethane  will  cryetallize  w ith  great 
difficulty,  if  at  all.  The  m.  p,  of  the  impure  urethane  was 
62-84°.  Upon  recry stalliz at ion  from  petroleum  ethor  the  m.  p. 
ia  raised  to  66-69°  C.  Palkin  and  Joshel3?  report  34-86°  C. 
Schmidt-'-'*  reports  84-85°  and  88-90°  for  recrystallized  products, 
lor  Pinocarvyl  Acetate:  This  aompound,  when  separated  by  the 

above  described  procedure,  had  the  constants,  o.  p.  88-90°  0. 

(2-3  mm. ) , 225°  (corr.)  (76O  mm.),  n#D  1,475c,  d25*  0.991, 

(a)^0  -38°.  Saponification  number,  calculated  194. 26,  found 
195  (or  100.3^).  Previously  this  compound  has  been  characterized 
only  by  Schmidt35  who  reported,  b.  p.  227-8°  0.,  d20  0.997, 

(a)  D 4 15.6°  for  the  d-isomor. 

‘•hen  prepared  by  the  esterification  of  pinocarveol  with  acetic 
anhydride  in  the  presence  of  sodium  acetate35  the  constants  are, 
b.  p.  o8-90°  (2-3  mm,),  n25])  I.4760,  d2^  0.993,  (a)25D  -20°. 
Saponification  number,  calculated  194,26,  found  194  (or  100£). 

Pinocarveol,  like  most  secondary  and  tertiary  terpene  alcohols, 
will  not  readily  esterify  with  acetic  anhydride  unless  sodium 
acetate  ia  present.  This  was  verified  by  experiment.  It  will  not 
esterify  appreciably  with  glacial  acetic  acid  in  the  presence  of 
sodium  acetate  after  refluxing  for  two  hours. 

Direct  Preparation  of  Pinocarveol  from  3-Pinene 
Pinocarveol  was  prepared  by  a modification  of  the  procedure  of 
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Pal kin  and  Josdel.^9  Forty-seven  grams  of  selenious  acid  was 
maaa  by  adding  6.6  grama  water  to  40.4  grams  selenium  dioxide. 
This  was  then  added  dropwise  to  a mixture  of  120  g.  3-pinene  in 
Lh  ml.  absolute  dhanol.  During  the  addition  the  solution  became 
warm  and  turned  yellow,  ilhen  the  addition  was  completo,  the 
mixture  was  refluxed  for  four  hours.  At  the  aid  of  this  time, 
the  clear  but  reddish  solution  was  steam  distilled  and  the  oil 
xn  tne  distillate  was  taken  up  in  ether,  washed,  dried  and  dis- 
tilled at  2-3  mm.  pressure.  This  produced.  37  g.  (3l£  of  the 
B-pinene)  having  the  constants,  n30D  1.4940,  (a)30D  . 4 570. 

The  material  was  thon  heated  with  >'6  co.  of  ethyl  borate  at 
125°  for  one  hour.  The  non-alcoholic  portion  was  retnovod  by 
simultaneously  lowering  the  ^assure  and  increasing  the  temper- 
ature to  150°  0.  The  residue  in  the  flask  which  was  impure 
pinocarvyl  borate,  was  hydrolysed  and  simultaneously  steam  dis- 
tilled from  dilute  sodium  carbonate  solution.  The  distillate 
was  token  up  in  ether  and  distilled  at  2-3  mm.  pressure.  This 
gave  21  g.  of  pinoearveol,  which  wae  17.#  of  original  3-pinene 
or  75/  of  tne  impure  material.  The  constants  were,  n25D  - 

1‘4m-  c254  . 9.%,  (a)25D  4 65.5.  «fl  calculate13  45.52, 

fou.ia  45.72.  Thi.  pinaourraol  .as  iuantioal  .ith  that  jreyloual, 
described. 

The  non-alcoholic  portion  of  the  oxidation  mixture  was  dis- 
tilled at  2-3  am.  pressure,  giving  3-5  g.  of  an  oil  with  n270 
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1.4885.  aj)  4 66°.  This  was  impure  carvopinone.  It  was  then 
converted  to  the  semicarbazone,  which  did  not  melt  below  300°. 

The  semicarbazone  was  then  simultaneously  hydrolyzed  and  steam 
distilled  from  oxalic  acid.  The  distillate  contained  carvone, 
definitely  proving  that  the  non-alcoholic  portion  was  largely 
carvopinone. 

The  Action  of  Selenium  Dioxide  on  Pinocarveol 

Twenty-five  grams  of  pinocarveol  were  dissolved  in  75  cc. 
ethanol  in  a flask  equipped  with  a reflux  condenser  and  mechan- 
ical stirrer.  Ten  grams  of  selenium  dioxide  were  slowly  added. 
Upon  he.  ting,  the  solution  first  turned  yellow,  then  red  and 
finally  brown.  After  refluxing  for  five  hours,  three  and  one-half 
grams  of  selenium  were  obtained  and  the  liquid  portion  was  steam 
distilled.  This  gave  15  g.  of  an  oil  b.  p.  84-85°  (3-4  mm.), 
n^D  1,4931»  d254  O.982,  aD  4 60. 5°  (10  cm.  tube).  This  was 
largely  impure  carvopinone  which  was  purified  through  the  bi- 
sulfite compound  to  give  6.1  g.  of  carvopinone,  b.  p.  84-85°  C. 
(3-4  mm.),  n25D  1.4935,  d25*  0.98I,  (a)25D  * 62.?°.  Aoout  0.3  g. 
pinocarvone  was  isolated,  this  had  n25D  1.5010.  Approximately 
one-half  gram  of  oil  wes  not  extracted  by  the  bisulfite.  Judging 
by  its  refractive  index,  n25D  1.4940,  and  its  action  to  heat, 
it  was  impure  carvopinone. 

deduction  Experiments 

d-cis  inocampheol  is  formed  in  nearly  theoretical  yield  by 
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the  catalytic  hydrogenation  of  pinocarveol  in  cyclohexane  using 
a 1($  palladium  on  charooal  catalyst4**  and  heating  the  mixture 


d-cis  Pinocampheol 

at  100°  0.  under  a hydrogen  pressure  of  1200  pounds  per  square 
inch  for  two  hours  in  a bomb.  The  catalyst  was  removed  by 
filtration  and  the  pinocampheol  purified  by  distillation  at  re- 
duced pressure.  The  constants  were,  m.  p.  55*5-5 6.0°  C. , 
n^D  1.4830  (super  cooled)  (a)25D  4 390  in  ether).  The 

a-naphthyl  urethane  was  prepared  by  allowing  equimolecular 
amounts  of  a-naphthylisocyanate  and  pinocampheol  to  stand  until 
solid.  This  solid  was  filtered  and  recrystallized  from  petroleum 
ether,  boiling  range  35-65°  0.  The  a^naphthylurethane  had  a 
m.  p.  of  85.5-83.0°  C.  (corr. ) which  is  the  same  ts  that  reported 
by  Kuwata  and  Schmidt  and  Schultz42  for  d-cis  pinocampheol. 

d-cis  Pinocamphyl  acetate  may  be  prepared  quite  pure  by  the 
catalytic  reduction  of  pinocarvyl  acetate  under  the  conditions 
described  aoove.  The  reduction  product  is  purified  from  the 
solvent  by  distillation  at  reduced  pressure.  It  had  the  constants, 
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b.  p.  80-82°  C.  (2-3  am.)*  227-8°  C.  (corr.)  (760  nun.), 
n2*0  1*4641,  d2^4  0.979.  ( 23°.  Saponification  number, 

calculated  196.28,  found  I97  (or  100. 3/0*  Upon  saponification, 
this  eater  produced  d-cie  pinocampheol  whose  constants  were  in 
close  agreement  with  those  above.  Kuwata^  reports  for  l-cis  pino- 
camphyl  acetate,  b.  p.  82-84°  (3  mm.),  d204  0.9781,  n20D  I.4638. 

1-trans  Pinocamphone  is  obtained  by  the  catalytic  hydro- 
genation of  carvopinone  by  the  procedure  described  above. 


1-trans  pinocamphone 

The  product  was  purified  by  washing  with  neutral  bisulfite  and 


distilling  the  unextracted  oil  at  2-3  mm.;  b.  p.  212°  C.  (corr.) 

(760  mo.),  n25fl  1.4735.  d#4  0.964,  (a)25D  -13.5°*  Its  seoi- 
oarbasone  recrystallized  as  very  fine  white  needles  from  dilute 
methanol,  m.  p.  227.5-228.0°  (corr.).  Schmidt  and  Schultz^ 
report  for  the  aemicarbazone  of  1-trans  pinocamphone  the  m.  p.  227°  0. 
and  for  the  aemicarbazone  of  l-cis  pinocamphone,  219°  C.  Hence, 
carvopinone  on  reduction  gives  rise  to  the  trane  isomer. 

Another  pinocamphone  was  obtained  upon  the  reduction  of  pino- 
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corvone  under  tho  same  conditions.  It  had  the  constants 

b.  p.  75°  (2-3  JOB.),  n29D  1.4772,  a0  -2?°  (10  era.  tube).  It 

forms  a semicarbazone  melting  at  185°.  This  is  apparently  the 

form  of  the  semicarbazone  described  by  Gilderaeister  and 
43 

Kohler.  The  a-  form  described  by  these  authors  has  e ra.  p. 
of  218-219°  which  corresponds  to  the  semicarbazone  of  cis  pino- 
camphone  of  Schmidt  and  Schultz.  Thus  this  pinocamphone  is  the 
3-form  of  cis  pinocamphone. 

Discussion 

In  this  chapter  new  methous  for  the  preparation  of  pinocar- 
vone,  carvopinune,  pinocurveol,  pinocarvyl  acetate  and  their 
reduction  products  have  been  described.  Previously  the  prep- 
aration of  pinocurvone  involved  the  oxidation  of  pinocarveol  by 
dichromato,  a prooesa  which  did  not  give  good  yields.  Pino- 
carveol  was  generally  obtained  from  natural  sources  or  by  the 
catalytic  air  oxidation  of  B-pinene.  Pinocarvyl  acetate  had 
previously  been  prepared  only  by  direct  esterification  of  pino- 
carveol.  Jarvopinone,  which  up  to  the  present  wort  haa  not  been 
characterized,  was  a chemical  curiosity  due  to  its  difficulty 
of  preparation  as  already  mentioned; 

when  the  3-pinene  and  selenium  dioxide  are  used  in  equi- 
uolecular  amounts  in  the  presence  of  a non-esterifying  solvent 
the  only  steam  volatile  products  of  the  reaction  are  carvopinone 
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and  pinocarvone.  Table  XIII  Hats  data  for  experiments  in  various 
non-esterifying  media  using  equimolecular  proportions  of  reac- 
tants. 


In  column  ^ of  Table  XHI  are  listed  the  percentages  of  carvo- 
pinone  in  the  oxidation  product  as  based  on  3iotfs  rule  for  mix- 
tures. 


x • " (&)2 

(a)i  - (a)2 


where 

x ■ mole  fraction  carvo- 
pinone 


(a)o  ■ specific  rotation  of 
the  mixture 

(a)i  ■ specific  rotation  of 
pure  oarvopinone 

( a ) 2 ■ specific  rotation  of 
pure  pinooarvone 

These  calculations  were  verified  by  the  estimation  of  the  quan- 


tity of  oarvopinone  obtained  in  each  reaction.  Thus  one  needs 
only  to  determine  the  specific  rotation  of  the  steam  volatile 


oil  in  order  to  ascertain  the  proportions  of  the  two  ketones. 


tfith  but  one  exception,  the«  longer  tne  reaction  continues 
t ie  larger  is  the  percentage  of  pinocarvone  in  the  steam  volatile 
oil.  This  is  probably  due  to  the  fact  that  oarvopinone  is  un- 
stable and  polymerises  rather  readily. 


The  yield  of  steam  volatile  oil  vs.  time  indicates  a maximum 
depending  on  the  temperature  of  the  reaction.  This  is  verified 


by  the  fact  that  when  the  reaction  was  carried  out  for  48  hours 
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in  ethanol  the  yield  of  oil  was  only  about  In  general, 

the  moat  satisfactory  time  of  reaction  is  about  ten  hours. 

No  definite  conclusions  can  be  drawn  concerning  the  effect 
of  tho  volume  of  solvent  used,  but  it  is  believed  that  this 
effect  is  negligible  in  these  experiments. 

Cf  definite  interest  is  the  observation  that  a successful 
oxidation  takes  place  in  pyridine.  This  is  in  contrast  to  the 
findings  of  Guillemonat26  for  ethylanio  hydrocarbons. 

The  properties  of  the  oxidation  mixtures  obtained  in  ethan- 
olic  medium  agree  with  those  reported  by  Dupont,  Allard  and 
Dulou,  and  it  appears  probable  that  their  oil  was  a mixture 
of  the  ketones.  Furthermore,  the  refractive  index,  density  and 
molar  refraction  reported  by  them  are  between  those  of  the  pure 
compounds.  The  semicarbazone  of  carvopinone  forms  much  more 
slowly  than  that  of  pinocarvone  so  that  the  first  crystals  ob- 
t ined  from  the  oil  will  give  a melting  point  corresponding  to 
the  semicarbazone  of  pinocarvone.  It  was  probaely  in  this 
manner  that  they  reported  the  correct  vclue  for  the  melting 
point  of  the  semicarbazone  of  pinocarvone. 

When  3-pin ene  and  selenium  dioxide  are  allowed  to  react  in 
such  a proportion  that  one-half  mole  selenium  dioxide  is  present 
for  each  mole  of  B-pinene,  the  product  is  largely  pinocarveol 
with  a small  amount  of  carvopinone. 

A study  of  'i,aola  XIV  wiH  show  that  the  effect  of  the  selenium 
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dioxide  B-pinene  ratio  in  esterifying  solvents  was  not  nearly  as 
pronounced  aa  it  was  for  ethanol. 

It  may  also  be  s"-en  from  Table  XIV  that  the  major  portion 
of  the  steam  volatile  oil  is  pinocarvyl  acetate  when  the  reaction 
is  carried  out  in  acetic  media*  This  finding  is  in  accord  with 
the  mechanism  proposed  by  Guillemonat  for  the  oxidation  of 
ethylenic  hydrocarbons  in  which  a selenium  complex  is  formed 
with  ^he  hydrocarbon*  This,  in  turn*  is  decomposed  by  the  solvent* 
In  this  case  it  results  in  the  formation  of  pinocarvyl  acetate. 

vater  is  a product  of  the  reaction  in  which  the  selenium  com- 
plex is  formed*  A reaction  between  the  complex  and  the  water  thus 
formed  would  account  for  the  formation  of  pinooarveol*  A8  already 
pointed  out  pinooarveol  is  not  esterifiad  by  acetic  acid  and  the 
alcohol  therefore  becomes  subject  to  oxidation  by  selenium 
dioxide.  This  would  account  for  the  formation  of  the  two  ketones. 

It  is  believed  that  this  latter  oxidation  also  takes  place 
through  the  medium  of  a selenium  complex*  This  is  supported  by 
the  fact  that  the  reaction  mixture  becomes  yellow,  then  red  and 
finally  deposits  selenium,  and  upon  steam  distillation  leaves  a 
non-volatile  selenium  compound. 

;ince  carvopinone  yields  tr&na  pinocamphone  upon  reduction,  it 
may  be  seen  by  setting  up  a model  that  the  oarvonyl  group  of  carvo- 
pinone is  close  to  the  gem-dimethyl  group*  This  proximity  would 
tend  to  hinder  the  rate  of  reaction  of  the  carbonyl  group  with 
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large  molecules.  The  slowness  of  the  reactivity  of  the  carbonyl 
group  was  pointed  out  previously  in  respect  to  the  formation  of 
the  semicarbajona.  This  steric  relation  may  also  be  the  cause 
of  the  relative  ease  of  the  rupture  of  the  cyclobutane  ring  to 
fora  carvona,  and  cause  its  ready  polymerisation. 

The  pinocarveol  formed  by  the  action  of  selenium  dioxide  on 
d-pinene  is  probably  the  trans  form  with  respect  to  the  hydroxyl 
group  and  the  gem-dimethyl  group..  It  is  believed  that  the 
method  of  formation  would  tend  to  give  rise  to  the  more  stable 
form,  which  is  trans,  and  to  the  assumption  1ft at  if  the  pino- 
carveol were  ois,  the  reduction  product  would  be  cis  with  respect 
to  hydroxyl  and  gem- dimethyl  groups  and  cis  with  respect  to 
methyl  and  gam- dimethyl  groups.  Such  an  arrangement  would  oe 
expected  to  be  unstable. 
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TABLE  XIII 


All  oxidations  listed  wore  between  0.5  mole  of  3— pinene  and 
0,5  nolo  of  selenium  dioxide  except  the  reaction  described  in 
the  second  line  whjxh  was  between  1 mole  of  3-pinene  and 
1 mole  of  selenium  dioxide. 


Steam  volatile  oil 


Solvent 

Sol- 
vent 
in  cc. 

Re- 
action 
in  hr. 

% Se 
recov. 

Yield, 

% 

(a)30D 

Biot  % 
carvo- 
pinonea 

Ethanol 

200 

3 

45 

19 

43 

75 

Ethanol 

300 

10 

60 

30 

16 

41 

Acetone 

100 

10 

29 

23 

49 

83 

Benzene 

100 

10 

55 

15 

46 

79 

Hexane 

100 

10 

50 

18 

54 

89 

Bthorb 

100 

10 

13 

17 

59 

95 

2therb 

100 

48 

40 

28 

56 

91 

Etherb 

200 

72 

64 

25 

55 

90 

Etherb 

100 

168 

55 

24 

57 

93 

Carbon  tetr. 

100 

10 

10 

28 

56 

91 

Pyridine 

100 

10 

95  - 

34 

56 

91 

Water 

100 

10 

0.0 

24 

56 

91 

None 

e e e 

10 

0.0 

27 

50 

84 

aCarvopinone  (a)30D  4 62.7°;  pinocarvone  (a)30o  -16.50. 
Solvent  loss  was  about  0.5  ec.  per  hour. 
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TABLE  XIV 


OXIDATIONS  IN  ESTERIFYING  MEDIA 

All  oxidations  listed  were  between  1 mole  3-pinene  and  one-haL  f 
mole  selenium  dioxide  except  the  first  reaction  which  was  between 
one  mole  B-pinene  and  one  mole  selenium  dioxide  and  the  second 
reaction  which  was  between  0*5  mole  B-pinene  and  0*5  mole  selenium 
dioxide. 


Steam 


Solvent 

Grams  Se 
Recovered 

Volatile 
oil  g. 

Ac«jO 

49 

68 

HAc 

20 

14.5 

Ac20 

5 

53 

HAo 

None 

41 

HAc  4 AcpO 

6 

27 

% Steam  Volatile  Oil  Recovered  As 


Pino- 

carveol 

Pinoearvyl 
ac state 

Carvo- 

pinone 

Pino- 

oarvone 

0*6 

65 

1 

3.7 

20 

None 

66 

1 

2 

3.7 

22 

20 

2 

13 

44 

2 

8.5 
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Summary 


The  procedures  developed  for  the  oxidation  of  B-pinene  by 
selenium  dioxide  have  been  described.  A new  method  for  the 
preparation  of  oarvopinone  was  developed.  A method  for  the 
separation  of  oarvopinone  from  pinocarvone  was  discovered  and 
developed.  Oarvopinone,  pinocarvone,  pinocarveol,  pinocarvyl 
acetate,  and  pinocamphyl  acetate  have  been  more  completely 
characterized  than  heretofore*  By  means  of  catalytic  reduction 
the  geometric  configuration  of  the  oxidation  products  were 
ascertained.  A proposal  aB  to  the  means  of  formation  of  the 
oxidation  mixtures  has  been  presented* 


Chapter  IV 


PREPARATION  OF  AZO  DYES  FROM  ROSIN 


This  chapter  describes  a method  for  the  preparation  of  aio 
dyes  from  rosin.  The  principle  steps  involve  the  successive  prep- 
aration of  abiotic  acid,  pyroabietic  acid,  6-sulfodehydroabietic 
acid,  6-sulfo,  8-nitrodehydroabietic  acid,  and  6-sulfo,  8-amino- 
dehydroabietic  acid.  This  last  acid  may  be  diasotized  and  coupled 
with  aromatic  substances  which  have  an  active  ortho  or  para 
hydrogen  to  form  azo  dyes.  This  problem  was  first  mentioned  in  193955. 

The  starting  material,  rosin,  is  largely  abietic  acid  (I). 

By  disproportionation  of  the  abietic  acid,  dehydroabietic  acid  (II) 
is  obtained.  This  latter  acid,  due  to  its  aromatic  ring,  may  be 
nitrated  and  sulfonated  to  yield  a nitro  sulfonic  acid.  This  nitro 
acid  could  then  be  reduced,  diazotised  and  coupled  to  give  rise  to 
dyestuffs. 


H3C  ^COOH 
C 


/\S/\h 

I I II 


H3Cn  ^gooh 


(I) 


(II) 
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When  abiotic  acid  is  submitted  to  heat  treatment  for  about  300 
hours  at  250°  C.  it  becomes  stabilised;  that  is,  it  is  not  subject  to 
discolorization  by  continued  standing  or  exposure  to  the  air  as  is 
abiotic  acid*5.  This  stabilised  acid  is  sometimes  called  alpha 
pyroabietic  acid*^'  Fleck  and  Palkin*?  hare  recently  shown 

that  the  same  alpha  pyroabietic  acid  is  produced  by  the  action  of 
palladium  on  charcoal  on  abiotic  acid  in  about  forty  minutes  at 
temperatures  around  250°  C.  When  the  temperature  is  care fully 
controlled  and  is  not  allowed  to  exceed  225®  C. , the  disproportion* 
ation  is  complete  and  may  be  qualitatively  expressed  by  the 
equation: 

c20h30°2  * C20h32°2  + °20®28°2  +■  c20^34°2 

Abiotic  Dihydro*  Dehydro*  Tetrahydro* 

, abietio  abiotic  abiotic 

If  the  temperature  is  allowed  to  rise  to  about  2$00  C.  the  amount 
of  dehydroabietic  ucid  in  the  pyroabietic  acid  is  increased  at  the 
expense  of  the  formation  of  the  other  acids.  This  increase  can  be 
continued  until  a temperature  of  275°  <3.  is  reached.  Much  hydrogen 
is  evolved  as  the  catalyst  rapidly  assumes  the  role  of  a dehydrogen- 
ation promoter  at  this  temperature.  If  the  temperature  should 
exceed  275°  C.  decarboxylation  and  demethylation  will  occur. 

Dehydroabietic  acid  is  obtained  from  the  pyroabietic  acid  by 
a sulfonation  process  first  investigated  by  Hasselstrom^  and 
developed  in  more  detail  by  Feiser  and  Campbell,  *9.  In  this 
process,  the  entire  mixture  is  treated  with  concentrated  sulfuric 
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acid  at  -10  to  -5°  C.  for  about  forty  minutes.  Tha  aromatic  ring 
of  dehydroabietic  acid  is  sulfonatad  at  the  six  position.  The 
sulfonic  acid  is  then  removed  and  crystallised.  Upon  strong  acid 
hydrolysis  of  the  sulfonic  acid)  dehydroabietic  is  formed. 

Instead  of  using  dehydroabietic  acid  as  the  starting  material 
for  a dyestuff  preparation,  as  did  Litmann^,  it  was  decided  that 
the  sulfonic  acid  from  which  dehydroabietic  acid  is  prepared  would 
be  a more  satisfactory  starting  material.  This  was  due  to  the 
larger  yield  of  final  product  when  based  on  the  starting  amount  of 
ebietic  acid,  mother  advent:  ge  obtained  by  using  the  sulfonic 
acid  is  that  the  solubilising  group  is  already  present  in  the 
molecule  and  will  not  need  to  be  added  after  the  production  of 
the  dyestuff. 

6-Sulfodehydroabietic  acid  was  therefore  nitrated  and  reduced 
to  6-sulfo,  8-aminodehydroabietic  acid.  This  was  diazotized  and 
coupled  with  dimethylaniline , a-naphthol,  3-naphthol,  and  2-naphthol- 
6-sulfonic  acid. 

It  might  be  mentioned  that  this  amino  sulfonic  acid  could  be 
converted  into  sulfonamides,  however  a para  substituted  compound 
would  be  more  satisfactory,  it  para  compound  could  be  prepared  by 
the  following  procedure:  form  the  dinitro  derivative  of  dehydro- 

abietic acid,  reduce  with  ammonium  sulfide  to  form  6-amino,  8-nitro- 
dehydroabietic  acid,  diazotixe  and  remove  nitrogen  to  give  8-nitro- 
dehydroabietic  acid.  Reduce  the  mononitro  compound  to  the  amine, 
sulfonate  and  obtain  5-sulfo,  8-aminodehydroabietic  acid.  Another 
method  that  might  be  satisfactory  would  be  to  sulfonate  the  diamino 
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compound  and  then  remove  one  of  the  amine  groups  by  diazotization 


Preparation  of  Abietic  Acid 

This  was  prepared  by  a modified  Steele's  method^0*  51.  Five 
pounds  of  technical  abietic  acid  were  refluxed  with  1500  ml.  of 
glacial  acetic  acid  for  two  hours  and  then  allowed  to  crystallize. 

The  crystals  were  collected  and  washed  with  ice  cold  9 to  1 
ethanol  and  then  recrystallized  from  acetone.  The  crystals  from 
acetone  were  dissolved  in  2500  ml.  of  ethanol  and  sufficient 
sodium  hydroxide  added  to  the  hot  solution  to  form  the  quarter 
sodium  salt  of  abietic  acid.  When  cool,  the  crystallized  quarter  salt 
was  dried  and  then  heated  with  enough  water  to  cover  the  crystals, 
filtered  and  dried.  The  quarter  salt  was  then  placed  in  1000  ml.  of 
acetone  and  an  excess  of  concentrated  hydrochloric  acid  was  added. 

Upon  heating  the  solid  disappears  and  two  layers  are  formed,  the 
upper  layer  containing  an  acetone  solution  of  abietic  acid  is 
removed  and  the  abietic  acid  is  allowed  to  crystallize  out.  This 
was  dried  and  stored  in  vacuum.  Its  constants  were,  m.  p.  160- 
164°  G. , (a  )^j)  .91©  (0.447  g.  in  20  grams  ethanol). 

Preparation  of  Pyroabietic  Acid 
A palladium  and  charcoal  catalyst  prepared  by  dissolving  5 
grams  of  palladious  chloride  in  100  ml.  water  and  adding  27  grams 
of  i<orit.  after  boiling  for  two  hours  it  was  cooled  and  then 
reduced  with  hydrogen  at  atmospheric  pressure^. 
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One  hundred  and  fifty  six  grams  of  abietio  acid  was  mixed 
with  3.2  grams  of  the  above  catalyst  and  heated  at  260-270°  C. 
for  one  hour.  The  mixture  was  allowed  to  cool,  dissolved  in 
ethanol  and  filtered  to  remove  catalyst.  The  filtrate  was  heated  to 
the  boiling  point  end  water  was  added  to  incipient  turbidity. 

Upon  cooling  148  grams  of  pyroabietic  acid  were  collected.  Its 
constants  were,  m.  p.  171-172°  C.,  (a  )2$n  * 50°  (0.625  g.  in  20 
grams  ethan  ol).  These  constants  are  in  agreement  with  those  of 
Fleck  and  Palkin4^*  46  and  Feiser  and  Campbell2®. 

Preparation  of  6-Sulfodehydroabietic  Acid 
One  hundred  and  sixty  grams  of  pyroabietic  acid  were  then 
po./dered  and  added  to  1440  grams  of  ice  cold  concentrated  sulfuric 
acid  . This  mixture  was  mechanically  stirred  and  held  at  a 
temperature  of  5°  C.  for  forty  minutes.  At  the  end  of  this  time  the 
mixture  was  poured  into  twice  its  volume  of  crushed  ice  and  filtered, 
ihe  precipitate  was  washed  with  cold  water  until  the  filtrate 
oecame  turbid.  The  precipitate  was  then  air  dried  for  one  day  and 
then  dissolved  in  boiling  acetic  acid.  The  hot  acetic  acid  solution 
was  filtered  through  cotton  to  remove  oils  and  other  neutral 
materials.  Upon  cooling,  fine  needle  shaped  crystals  of  the  sulfo- 
; co.d  ore  formed.  The  crystals  were  collected,  washed  with  ether  to 
give  a very  white  product.  This  sulfonic  acid  is  largely  a mono- 
hydrate, as  the  sulfur  analysis  shows  8.0#  sulfur  where  the  mono- 
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hydrate  should  theoretically  contain  8.04^  sulfur.  Feiser  and 
Campbell49  and  Hasselstrom***  have  e own  that  the  sulfo-acid 
crystalliaee  from  water  as  the  trihydrate.  A yield  of  133  grams 
of  the  monohydrate  was  obtained  having  a melting  point  of 
approximately  248°  C.  The  melting  point  is  not  sharp  and  is 
accompanied  by  decomposition  as  is  characteristic  of  sulfonic 
acids. 

In  order  to  definitely  establish  this  acid  as  6-sulfodehydro- 
abietic  acid  it  was  converted  to  the  dimethyl  ester.  A small 
amount  of  the  acid  was  suspended  in  ether  in  a flask  into  which  an 
etherial  solution  of  diazomethane  was  distilled.  When  the 
suspended  material  disappeared,  the  flask  was  removed  and  the 
ether  evaporated.  The  crystals  of  the  dimethyl  ester  were  then 
recryetallized  from  methanol  giving  a product,  m.  p.  177. 0-177. 5°  C. 
Feiser  and  Campbell2**  have  reported  the  m.  p.  175-176°C.  for  this 
compound. 

Preparation  of  6-Sulfo,  8-nitrodehydroabietic  Acid 

The  purified  sulfonic  acid  was  added  to  cold  concentrated 
sulfuric  acid  in  the  proportions,  4.35  grams  of  sulfo-acid  to  27 
grams  of  sulfuric  acid^2.  When  addition  was  completed  and  a 
homogenous  solution  obtained,  concentrated  nitric  acid  was  added  to 
the  solution.  Exactly  enough  nitric  acid  was  used  to  form  the 
mononitro  derivative  of  the  sulfo-acid  sturted  with.  After  fifteen 
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minutes  the  nitration  mixture  was  poured  onto  four  times  its 
volume  of  crushed  ice  and  filtered.  The  precipitate  was  washed 
thoroughly  with  3 to  1 hydrochloric  acid.  It  wae  then  dissolved 
in  boiling  water  and  filtered  to  remove  any  dinitro  compound  that 
was  formed  by  the  nitration.  The  filtrate  which  contained  a 
solution  of  6-aulfo,  8-nitrodehydroabietic  acid  was  evaporated 
nearly  to  dryness.  The  product  was  gelatinous  find  was  difficultly 
dried.  It  may  be  dried  over  phosphorus  pentoxide  in  vacuo.  Since 
a dry  product  was  not  essential,  this  process  was  carried  out  with 
only  a small  portion. 

Experiment  showed  that  this  nitro  acid  cannot  be  hydrolyzed 
to  8-nitrodehydroabietic  acid  by  the  procedure  of  Feiser  and 
Campbell4  for  preparing  dehydroabietic  acid. 

Preparation  of  6-Sulfo,  8-aminodehydroabietic  Acid 

The  moist  6-aulfo,  8-nitrodehydroabietic  acid  was  reduced  to 
6-sulfo,  8-aminodehydroubietic  acid.  The  reduction  was  carried 
out  both  chenically  fuad  catalytic  ally. 

The  chemical  reduction  was  made  by  suspending  the  nitro 
compound  in  concentrated  hydrochloric  acid  und  adding  an  excess  of 
granulated  tin.  The  mixture  was  then  heated  on  a steam  bath  for 
four  hours,  at  the  end  of  which  time  the  mixture  wae  made  neutral 
with  25/o  sodium  hydroxide  solution.  Enough  concentrated  hydrochloric 
acid  was  added  to  cause  a thorough  precipitation.  The  precipitate 
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was  collected  and  w i shed  with  a little  dilute  hydrochloric  acid  and 
then  air  dried.  This  wishing  should  remove  some  of  the  unreduced 
nitro  acid  as  it  is  more  soluble  in  water  than  is  the  amino  acid. 

The  6-sulfo,  8- amino dehydro abiotic  acid  obtained  in  this  manner 
has  a pale  brownish  color.  It  is  insoluble  in  most  organic  solvents* 
It  is  alkali  soluble  and  somewhat  soluble  in  dioxane  and  ethanol. 
Analysis  of  a sample  dried  in  vacuo  over  phosphorus  pentoxide  gave 
*.$  sulfur,  calculated  for  7.9^  (Parr  bomb)  md  2.6JG 

nitrogen,  calcul  ted  3*5%  (Kjeldahl). 

These  figures  correspond  to  about  amino  acid.  The 

impurities  aro  probably  unnitrated  sulfoacid  and  unreduced  nitro 
acid,  plus  some  decomposition  products.  This  impure  product  is 
to  be  expected  from  the  nature  of  the  me  hod  of  preparation. 

A pure  sulfo- amino  acid  should  result  if  the  sulfo-nitro 
acid  were  esterified  with  diazomethane,  followed  by  catalytic 
reduction  of  the  nitro  group  and  then  hydrolysis  of  the  dimethyl 
ester. 

The  quantities  used  were  64  grams  of  crude  sulfo-nitro  acid 
in  100  grams  of  concentrated  hydrochloric  acid  to  which  38  grams 
of  metallic  tin  were  added.  Since  the  product  was  gelatinous  and 
vas  dried  with  difficulty,  no  jrield  was  estimated. 

The  catalytic  reduction  required  the  preparation  of  reasonably 
dry  sulfo-nitro  acid.  The  dry  compound  was  dissolved  in  dioxane, 
Saney  nickel  catalyst  added  and  hydrogenated  in  the  bomb.  The  amino 
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was  obtained  by  diluting  the  dioxane  solution  of  acid  and  catalyst 
with  three  t mea  its  volume  of  water  and  evaporating.  After 
remove  1 of  the  catalyst  the  amino  acid  was  filtered  off  from  time 
to  time  during  the  evaporation.  The  residue  was  uisc  rded  as  the 
unreduced  nitro  compound  was  concentrated  in  this  portion. 

The  quantities  used  for  the  catalytic  preparation  were:  33 

grams  of  6-sulfo,  8-nitrodehydroabietie  acid  in  300  ml.  dioxane. 

Four  grams  of  Raney  nickel  were  used.  The  reaction  was  carried  out 
at  a hydrogen  pressure  of  1000  pounds  per  square  inch  at  125°  C. 
for  four  hours. 

Diazotization  of  6-Sulfo,  8-aminodehydroabietic  Acid 

Ten  grams  of  the  amino  acid  were  dissolved  in  100  ml.  of  ten 
percent  sodium  hydroxide  solution  and  then  a ten  percent  solution  of 
sodium  nitrite  were  added  until  0.7  moles  of  this  reagent  were 
present  per  mole  of  amino  acid.  Enough  crushed  ice  was  then 
added  to  keep  the  mixture  at  about  3-5®  C.  and  then  35  ml.  of 
concentrated  hydrochloric  acid  were  slowly  added  with  constant 
stirring.  After  the  mixture  stood  ten  minutes  it  was  tested  for 
the  presence  of  free  nitrous  acid  with  starch  iodide  paper.  If 
the  test  was  negative  more  sodium  nitrite  was  added  dropwise 
until  a positive  test  was  observed.  This  produced  a suspension  of 
a light  yelJ  ow  diazoniura  compound.  Aliquots  of  this  suspension 
were  then  used  for  the  following  coupling  reactions. 
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Coupling  of  the  Diazotized  6-3ulfo,  8-aminodehydroabietic  Acid 


With  Aminos: 

A solution  of  tho  amine  was  made  in  ten  percent  hydrochloric 
acid  so  that  each  ml.  of  the  solution  was  equivalent  to  0.1  gram 
of  the  amine.  The  exact  amount  of  this  solution  oalculated  for  the 
aliquot  of  the  uiazo  suspension  used  was  cooled  to  3-50  C.  and  the 
diazo  suspension  was  slowly  added.  hen  the  addition  was  complete, 
sodium  carbonate  solution  was  added  until  carbon  dioxide  no  longer 
was  rapidly  evolved.  The  cold  and  almost  neutral  solution  was  then 
stirred  for  a half  hour,  made  definitely  alkaline,  saturated  with 
sodium  chloride  and  filtered. 

When  coupled  with  dimethylaniline  this  procedure  gave  an  orange 
yellow  dye.  Its  dilute  aqueous  solution  is  pale  green  in  acid  and 
orange  in  alkali. 

With  Phenols: 

A solution  of  the  phenol  was  made  so  that  each  ml.  of  a ten 
percent  sodium  hydroxide  solution  would  contain  0.1  gram  of  the 
p.ienol.  fhe  calculated  volume  of  this  solution  required  to  couple 
with  the  aliquot  of  the  diazo  suspension  was  then  cooled  to  3-5°  C, 
To  the  cold  solution  was  then  added  with  stirring  the  uiazo 
suspension.  ~fter  standing  for  thirty  minutes  the  solution  was 
saturated  with  sodium  chloride,  evaporuted  and  filtered.  The 
precipitate  was  air  dried  on  a clay  plate. 


When  coupled  with  a-naphthol  this  procedure  gave  a brown  dye. 
Its  dilute  aqueous  solution  is  red  in  acid  and  brown  in  alkali. 

B-naphthol  gave  a brown  dye  which  was  red  in  acid  and  yellow 
brown  in  alkali. 

2-Naphthol  6-sulfonic  acid  guve  an  orange  dye  which  is  deep 
red  in  alkaline  solution  sad  red  orange  in  acid  solution. 

To  prove  that  the  colored  compounds  thus  formed  were  azo 
compounds,  the  following  two  testB  were  performed'**. 

A small  spatula  full  of  tie  aso  dye  was  suspended  in  1 ml.  of 
water  to  which  a small  quantity  of  sodium  hydrosulfite  was  added. 
The  mixture  was  heated  until  no  further  change  occurred.  By 
extraction  of  the  mixture  a small  amount  of  diamine  or  aminophenol 
was  obtained,  as  indicated  by  solubility,  odor  and  reaction  to 
ferric  chloride. 

An  azo  compound  will  add  sodium  bisulfite  whereas  other 
aubst.  nces  reducable  by  the  above  procedure  will  not. 

The  addition  was  carried  out  by  adding  two  drops  of  a ten 
percent  sodium  hydroxide  solution  to  1 ml.  of  saturated  sodium 
bisulfite  solution  and  then  heating.  A few  drops  of  an  aqueous 
solution  of  the  azo  compound  were  then  added  and  again  heated. 

This  produced  an  addition  product  which  was  either  colorless  or 
faintly  colored  in  comparison  to  the  original  azo  compound. 
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Summary 


The  prepar  tion  of  azo  dyes  by  diazotizing  6-sulfo,  8-umino- 
dehydroabietic  acid,  prepared  from  rosin,  and  coupling  with  amines 
and  phenols  has  been  described. 

A detailed  procedure  for  the  method  used  to  obtain  6-sulfo, 
8-aminodehydroabietic  acid  has  been  given. 

A new  compound,  6-sulfo,  8-aminodehydroabietic  acid  has  been 
reported  and  partially  characterized. 
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